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INTROinrCTION. 

lu  obtaining  data  for  thin  paper  many  conindum  localities  were 
visited,  especially  those  that  were  thought  to  carry  the  mineral  in 
commercial  quantity.  Although  all  the  occurrences  of  corundum  can 
not  l>e  described  in  detail,  they  are  all  mentioned  in  the  tabulated  list 
of  localities,  page  70. 

Considerable  activity  in  corundum  mining  has  sprung  up  within 
the  last  few  years,  and  several  new  occurrences  of  corundum  in  quan- 
tity have  been  brought  to  light,  those  of  special  note  being  in  Ontario, 
Canada,  where  the  corundum  occurs  in  a  syenite,  and  in  North  Caro- 
lina and  Georgia,  whei'e  it  occurs  in  a  gneiss  or  a  quartz-schist. 

The  corundum  localities  in  the  United  States  are,  with  the  excep- 
tion of  those  in  Montana,  Colorado,  and  California,  limited  to  the 
Aj)palachian  region,  the  mineral  having  been  found  at  various  points 
throughout  nearly  its  entire  length.  The  mining  of  corundum  has 
been,  however,  confined  to  a  narrow  section  of  the  southern  portion 
of  that  region,  i.  e.,  to  northeastern  Georgia  and  southwestern  North 
Carolina,  with  the  exception  of  the  emery  mines  at  Chester,  Mass. 

Often  a  distinction  is  made  between  emery  and  corundum,  many 
persons  not  recognizing  emery  as  a  variety  of  corundum.  There  are 
three  names  in  constant  use  to  designate  the  varieties  of  corundum: 
(1)  Sapphire,  which  includes  all  corundums,  of  whatever  color,  that 
are  transparent  to  semitransparent;  (2)  corundum,  including  the 
translucent  to  opaque  varieties  of  all  coloi's;  (3)  emery,  which  is  a 
niechani(?al  admixture  of  (*orundiim  and  magnetite  or  hematite.  The 
last  two  varieties  are  thos(^  used  in  the  arts  for  abrasiv*^  purposes, 
emery  being  used  in  very  much  larger  ([uantities  than  corundum. 
It  is  of  course  the  presence  of  corundum  in  the  emery  that  gives  to 
it  its  abra«iv(»  qualities  and  makes  it  of  commercial  value,  and  the 
abrasive  efficiency  of  emeries  varies  according  to  th<*  percentage  of 
corundum  they  contain. 

Any  corundum  that  is  transparent  is  includ<»d  under  the  head  of 
sapphires,  although  many  of  these  have  distinct  nauv^H  \\\  \\\v>  v^^w\ 
trade.     The  blue  sapi)hire  is  known  as  the  ovioutaV  ^»^v\>\i\Yv%  VV\v>  \9i^ 
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sapphire  as  the  oriental  ruby,  the  tfreon  sapphire  as  the  oriental 
emerald,  the  yellow  sapphire  aM.*tb(i/oriental  topaz,  and  the  purple 
sapphire  as  the  oriental  J\m^)iy6t:  There  are  also  pink  and  white 
sapphires.  The  corunduhf^jem  or  sapphire  localities  are  usually  dis- 
tinct from  th(^  cofiindnxfk  localities,  although  very  handsome  gems 
have  l)een  fouixt.wKtere  the  coruadum  was  mined  for  abrasive  pur- 
pos(»s,  uotablv  tff-"^^  Corundum  Hill  mine,  Cullasagee,  N.  C. 

Coriui4^jn;rtK  it  is  mined  for  abrasive  purposes  occurs  as  (1)  sand, 
(2)  <li*ytft;t£l,  or  (.'})  gravel  and  blo<*k  corundum.  Sometimes  all  three 
typ^Hare  found  in  the  same  deposit.  The  sand  corundum  consists  of 
small  grains  or  fragments  of  the  mineral  scattered  througli  the  vein. 
The  crystal  corundum  consists  of  crystals  up  to  3  inches  in  length. 
Often  these  crystals  have  parting  planes  so  thoroughly  developed  that, 
in  crushing,  the  corundum,  breaks  up  into  regular  rhoml)ohedrons, 
this  breaking  continuing  to  even  the  finer  sizes  and  causing  the  grains 
of  corundum  to  crumble  when  in  use.  This  persistent  regular  break- 
ing of  the  corundum  destroys  its  cutting  efficiency,  for  it  is  the  irregu- 
lar fracture  that  produces  the  best  cutting  edge.  The  block  variety 
often  occurs  in  masses  of  almost  pure  corundum  from  10  to  1,000 
pounds  in  weight.  Again  it  occurs  in  large  masses  intimately  asso- 
ciated with  hornblende,  feldspar,  etc.,  making  a  rock  which  is  tough 
and  is  difficult  to  work.  Frequently  the  only  way  to  break  the  masses 
is  to  build  fires  over  them  and  then  suddenly  cool  them  by  pouring 
water  upon  them.  The  parting  planes  are  at  times  very  noticeable  in 
the  block  corundum,  and  are,  as  in  the  crystal  corundum,  detrimental 
to  the  commercial  product.  The  parting  planes  are  not  lines  of  cleav- 
age, but  are  planes  develoi)ed  in  the  mineral  by  synthetic  twinning, 
usimlly  parallel  to  the  unit  rhoml)ohedron. 

It  is  the  haixlness  of  corundum  that  makes  it  of  so  great  value  as 
an  abrasive.  Next  to  the  diamond  it  is  the  hardest  mineral  known, 
having  a  hardness  of  0,  while  the  diamond  has  a  hardness  of  10. 
Garnet,  which  is  sometimes  used  as  an  abrasive,  has  a  hai-dness  of 
but  7  to  7.5.  Corundum  varies  slightly  in  hardness;  the  sapphire 
varieties  are  generally  considered  the  hardest,  and  of  these  the  blue 
stands  at  the  head.  Some  corundum  has  been  observed  that  was 
I'eadily  scratched  with  a  knife,  as  that  from  Acworth,  (4a.  The  hard- 
ness of  a  corundum  is  often  misjudged  because,  when  made  inix>  a 
wheel,  it  does  not  cut  so  well  as  another,  when  in  reality  the  degree 
of  haniness  may  be  the^same  in  both  cases,  but  the  cutting  efficiency 
of  one  surpasses  that  of  the  other. 

The  theoivtieal  composition  of  corundum  is  alumina  (AI2O3);  but 
with  one  or  two  exceptions  all  corundums  that  have  been  examined 
vary  f  i*om  this  by  (»ontaiuiug  a  small  percentage  of  other  constituents, 
principally  silica  (SiOj),  water  (H.^O),  and  ferric  oxide  (Fe^Og).  Nearly 
all  corundums  contain  water,  the  amount  varying  from  a  trace  to  2 
per  cent  or  moiv.  The  amount  of  silici^and  ferric  oxide  varies  also, 
some  corundums  containing  neither  of  these  constituents  and  some 
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containing  as  much  as  5  per  cent  of  one  ov  the  other.  The  purest 
forms  of  corundum  that  have  been  analyzed  are  the  sapphire  or  gem 
varieties,  which  sometimes  show  over  90.5  per  cent  of  alumina. 

All  corundums  do  not  behave  alike  when  heated  to  the  higli  tem- 
perature necessary  for  the  manufacture  of  vitrified  wheels.  While 
most  corundums  can,  if  properly  cleaned,  b(»  used  in  the  manufacture 
of  these  wheels,  some  will,  when  heated,  crumble  to  a  powder.  It  is, 
therefore,  very  essential,  before  beginning  to  min<»  a  corundum  deposit, 
to  thoroughly  test  tlie  ore  and  ascertain  its  mlaptability  to  the  manu- 
facture of  vitrified  and  other  wheels. 

MODKS  OF  OCC  i:ilUEXCK  OF  CH)1MTXDI^I. 

Corundum  was  formerly  regarded  as  occurring  sparingly  in  nature, 
and  in  only  a  few  types  of  rocks,  but  it  is  now  known  to  occur  rather 
widely,  and  instead  of  being  in  (quantity  in  the  basi(*  magnesian  or 
peridotite  roc*ks  only,  it  has  been  found  in  abundance  in  syenites, 
in  gneisses,  and  in  schists.  Although  occurring  in  nmny  of  the  crys- 
talline rocks,  it  has  been  observed  as  a  rock  constituent  in  only  a  few 
of  them.  In  some  cases  it  is  an  original  constituent  of  the  rock,  and 
in  other  cases  it  has  l>een  formed  later,  during  the  process  of  metamor- 
phism. 

In  the  United  States  corundum  is  known  to  occur  in  the  following 
rocks:  In  peridotite  (dunite  and  saxonite),  in  biotite  contact  on  sax- 
onite,  in  enstatite,  in  serpentine,  in  chlorite-schist,  in  amphibolite, 
in  norite,  in  basic  minette,  in  andesite,  in  syenite,  in  amphibole- 
schLst,  in  gneiss,  in  mica-schist,  in  limestone,  and  in  cyanite.  These 
modes  of  occurrence  are  described  below  in  the  order  in  which  they 
are  mentioned. 

CORUNDUM  IN  PERIDOTITES. 

Extending  from  Tallapoosa  County  in  east-central  Alabama  to 
Trenton,  N.  J.,  there  is  a  narrow  belt  which  contains  disconnected 
outcrops  of  peridotite  rocks;  north  of  New  .I(»i*sey  (in  New  York, 
Connecticut,  Massachusetts,  New  Hampshire,  and  Maine)  tl^  out- 
crops are  fewer  and  do  not  form  a  <*ontinuous  l>elt.  It  is  in  the 
southern  portion  of  this  belt  that  these  rocks  have  reached  their 
greatest  development,  in  some  localities  outcropping  over  an  area  of 
several  hundred  acres.  In  North  Carolina  and  in  the  more  southern 
portion  of  the  belt  the  prevailing  type  of  tin?  rock  is  dunite,  while  in 
the  northern  portion  the  secondary  rocks,  serpentine  an<l  talc,  are 
prominent.  PI.  I  is  a  reproduction  of  a  photograph  of  an  outcrop  of 
dunite  at  Buck  Creek,  Clay  County,  N.  C. 

Throughout  nearly  the  entire  southern  portion  of  the  belt  the  peri- 
dotite rocks  show  a  freshness  to  almost  the  surface  of  the  exposures, 
and  there  are  few  localities  where  there  is  any  considerable  area  ot 
peridotite  entirely  altered  to  serpentine.     Under  the  vwVcvo^eo^^  VY&xv 
sections  of  the  dunite  show  an  alteration  to  serpentiu^  \>^\w^e>\i  \.Vvft 
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particles  of  dunite.  These  peridotite  rocks  have  been  shown  to  be  of 
igneous  origin.'  The  blunt  lenticular  form  in  which  they  are  found 
would  be  difficult  to  associate  with  any  origin  but  that  of  an  intruded 
igneous  mass,  which  would  also  account  for  the  aix)phy8es  that  have 
been  observed  extending  into  the  inclosing  gneiss.  At  Webster, 
Jackson  County,  N.  C,  a  large  block  of  gneiss  is  completely  inclosed 
by  the  peridotites  in  such  a  manner  as  could  be  attributed  only  to  the 
intrusion  of  the  latter  while  in  a  molten  condition.  The  line  of  sepa- 
ration of  the  peridotites  and  the  gneisses  is  always  sharp,  and  there 
is  no  transitional  zone  from  the  acid  gneiss  to  the  basic  peridotit<^. 
Under  the  microscope  the  latter  rock  shows  the  granular  structure 
characteristic  of  plutonic  origin,  the  grains  fitting  perfectly  into  one 
another  without  cementing  material. 

Associated  with  all  these  peridotites  is  the  mineral  chromite,  which 
occurs  as  disseminated  particles  near  the  borders  of  the  lenticular 
masses  of  the  peridotites.  There  is  very  little  carbon  found  associated 
with  these  rocks,  and  what  has  been  observed  is  unquestionably  of 
secondary  origin. 

Until  recently  the  common  occurrence  of  corundum  (not  including 
emery),  and  the  occuri'ence  in  which  the  mineral  had  been  found  in 
commercial  quantity,  was  in  association  witli  these  basic  magnesian 
rocks,  peridotites,  principally  dunite.  The  country  rock  that  is 
commonly  in  contact  with  the  peridotite  is  a  hornblende-gneiss,  but 
these  peridotite  formations  have  also  been  found  in  contact  with  a 
biotite-gneiss  and  with  a  mica-schist.  Where  the  country  rock  is  a 
gneiss  it  is  usually  considerably  decomposed  near  the  contact,  and, 
while  retaining  the  appearance  of  the  unalt^ered  rock,  it  readily  crum- 
bles to  pieces  when  handled.  The  peridotite  is  also  more  or  less 
altered,  the  change  being  usually  to  serpentine. 

The  corundum  is  not  an  accessory  mineral  in  these  peridotites,  but 
is  either  concentrated  near  the  contact  of  the  peridotite  with  the  other 
country  rocks  or  in  pockets  within  the  peridotite  formation.  A  series 
of  alteration  prcxlucts  has  been  developed  in  this  contact  zone,  so 
that  the  corundum  is  not  found  in  direct  contact  with  the  peridotite, 
but  is  separated  by  intermediate  zones  of  chlorite,  enstatite,  etc. 
Chlorite  and  vermiculite  are  usually  developed  between  the  corundum 
and  the  gneiss.  For  convenience,  the  occurrences  of  the  corundum 
in  these  alteration  products  between  the  peridotite  and  the  gneiss  are 
designated  contact  veins,  and  tliose  wholly  within  the  peridotit<» 
dunite  veins. 

In  a  cross  section  of  a  contact  vein  extending  from  the  gneiss  to  the 
peridotite  (dunit^e)  the  following  sequence  is  often  ol)served: 

a.  Gneiss,  hornblendic  or  micaceous,  apparently  unaltered. 
h.  Gneiss  with  same  general  appearance  as  a,  but  so  decayed  that  the  particles 
readily  separate  from  one  another. 

lElisha  Mitchell  Sci.  Sot*.  Joar.,  Part  11,  18a>,  p.  :r>,  aud  Am.  Jour.  Sci.,  4th  series.  Vol.  VI, 
/^a»,  p.  50. 


PRATT.] 


MODES    OF    OCCURRENCE. 


13 


e.  Yellowish  vermictilites,  varying  considerably  in  thickness,  the  maxiinam 
being  6  to  8  inches;  in  places'  absent,  so  that  b  comes  directly  in  contact  with  d; 
where  present,  c  often  merges  into  d. 

rf.  Green  chlorite,  varying  in  thickness  much  like  c,  and  in  places  absent 

e.  Chlorite  and  corundum,  sometimes  with  a  little  vermiculite.  In  places  this 
mass  may  be  largely  corundum,  and  it  is  what  is  called  the  '* corundum  vein," 
varying  in  thickness  from  a  few  inches  to  12  or  15  feet. 

/.  Green  chlorite;  so  far  as  observed  always  present,  and  varying  in  width  from 
1  to  12  inches. 

g.  Enstatite;  in  places  hard  and  compact,  and  in  widths  of  several  feet;  usually 
merges  into  /). 

h,  Talcose  rock,  usually  fibrous,  varying  in  thickness  from  a  few  inches  to  sev- 
eral feet. 

J.  Dunite.  more  or  less  altered,  friable,  and  stained  with  ferric  oxide. 

k,  Dunite,  apparently  unaltered,  quite  extensive. 

Between  h  and  j  a  seam  of  yellowish  clay  (/)  is  sometimes  observed 
which  often  contains  a  narrow  seam  or  fragments  of  chalcedony. 
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Fio.  1.— Ideal  cross  section  of  a  corundam  contact  vein  at  the  Corundum  Hill  mine.  North 
Carolina,  o,  fresh  and  unaltered  gnei»s;  ft,  decayed  and  unaltered  gneiss:  r,  vermiculites;  d, 
green  chlorite;  e.  corundum-bearing  zone;  /,  green  chlorite;  (/,  enstatite;  h,  talcose  rock; 
t,  clay;  j,  altered  dunite;  k\  unaltered  dunite. 

From  what  could  be  learned  by  actual  observation  and  inciuiry 
among  the  miners,  r  and  d  are  sometimes  absent,  and  when  this  is  the 
case,  f.,  a  mixture  of  chlorite,  vermiculite,  and  corundum,  is  seem- 
ingly in  direct  contact  with  h.  The  chlorite,  however,  on  the  dunite 
side  of  the  section  is  constant.  The  thickn<»ss  of  th<*  several  zones 
(a,  fc,  c,  etc.)  in  such  sections  varies  greatly  at  diflferc^nt  places,  and 
the  distance  across  the  sections  may  be  said  to  vary  at  different 
points,  even  in  the  same  region,  from  a  few  feet  to  30  or  40  feet.  The 
accompanying  diagram  (fig.  1 )  represents  the  cross  section  of  a  con- 
tact vein  observed  at  the  Corundum  Hill  mine,  CuUasagee,  Macon 
County,  N.  C. 

In  the  diagram  a  represents  gneiss,  apparently  fresh  and  unaltered, 
passing  into  6,  which  has  somewhat  the  appearance  ol  tVv^  \\w»XV^t^^ 
gneiss,  but  is  so  decayed  that  the  particles  readily  a^pax^kX^  lto\si 
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one  another;  c  represents  a  narrow  zone  of  vermieulites  that  is  some- 
times entirely  lacking;  d,  a  green  chlorite  (clinochlore)  partially 
decomposed  and  forming  the  vermieulites  of  c;  e,  the  corundum- 
bearing  zone,  a  mass  of  the  green  chlorite  with  crystals  and  frag- 
ments of  corundum  disseminated  through  it;  /,  another  zone  of  the 
green  chlorite;  ^,  a  mass  of  grayish,  interlocking,  crystalline  sheaves 
of  enstatit^  that  merge  into  ft;  A,  a  fibrous  talcose  rock  which  passes 
into  j;  j,  an  altered  dunite  that  is  somewhat  friable  and  stained  with 
ferric  oxide;  k,  a  hard  and  appai-ently  unaltered  dunite.  Between  h 
and  j  is  a  mass  of  soft,  yellowish  clay  (/)  containing  fragments  of 
chalcedony. 

The  line  of  contact  Ix^tween  the  zone  of  alteraticm  products  and  the 
gneiss  was  veiy  sharp  and  distin(;t  iu  all  the  contact  veins  examined. 
The  minerals  developed  between  the  corundum -bearing  zone  and  the 
dunite  are  in  great  abundance  and  differ  from  those  l)etween  that 
zone  and  the  gneiss. 

In  a  cross  section  of  a  dunite  vein  at  a  shaft  near  the  southern  pai-t 
of  Corundum  Hill,  in  a  distance  of  from  ^0  to  25  feet,  the  following 
has  been  observed : 

1.  Dunite,  hard  and  apparently  unaltered. 

2.  Dunite,  somewhat  friable  and  discolored,  passing  into  8. 

3.  Talcose  roqk,  fibrous,  merging  into  4. 

4.  Enstatite,  grayish  and  somewhat  fibrous. 

5.  Green  chlorite,  6  to  15  inches  in  width. 

6.  Green  chlorite,  corundum,  and  spinel,  6  to  8  feet  wide. 

7.  Chlorite,  same  as  5. 

8.  Enstatite,  same  as  4. 

9.  Talcose  rock,  same  as  3, 

10.  Dunite.  same  as  2, 

11.  Dunite,  same  as  1. 

The  similarity  of  the  two  i)arts  of  the  vein  separated  by  the  corun- 
dum zone,  as  already  described  and  as  illustrated  in  fig.  2,  is  very 
apparent. 

In  fig.  2,  1  and  11  represent  the  apparently  unaltered  dunite;  2  and 
10  represent  dunite  somewhat  friable  and  stained  and  passing  into 
3  and  9 — a  fibrous  talcose  rock,  often  carrying  a  green  actinolite  and 
some  green  chlorite;  4  and  8  represent  a  grayish,  rather  fibrous  ensta- 
tite rock,  which  merges  into  3  and  9;  5  and  7  represent  a  green  chlorite, 
which  passes  into  tJ — a  mass  of  chlorite,  ccn^undum,  and  spinel. 

Although  the  section  just  descril)ed  is  a  special  case,  it  was  observed 
that  all  of  the  dunite  veins  had  the  same  character  on  both  sides  of 
the  corundum-bearing  zone.  As  has  been  already  stated,  either  a 
talcose  or  a  serpentine  rock  may  be  the  limit  of  the  cross  section. 
In  one  of  the  dunite  veins  at  Corundum  Hill  near  flu*  west  end  of  the 
outcrop,  the  zone  of  corundum,  chlorite,  and  vermieulites  is  in  direct 
contact,  both  on  the  hanging  and  on  the  foot  wall,  with  a  serpentine 
ro<*k.  This  zone  is  divided — in  one  place  almost  pinched  out — by  a 
ma^s  of  serpen  tine. 
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At  all  of  the  corundum  localities  examined  a  careful  search  has  been 
made  to  find  the  corundum  directly  surrounded  by  the  peridotite,  but 
it  has  been  thus  observed  at  only  one  locality — the  Egypt  mine,  on  the 
western  slope  of  Ihe  Sampson  Mountains,  in  Yancey  County,  N.  C. 
The  few  specimens  obtained  were  collects  by  Mr.  U.  S.  Hayes,  who 
developed  the  corundum  property  in  that  section.  One  specimen 
shows  a  prismatic  crystal  of  the  corundum  surrounded  by  a  granular 
peridotite  (dunite),  but  with  none  of  the  chlorite  minerals  which 
usually  intervene.  The  dunit<^  is  not  quite  fresli,  but  is  stained  a 
yellowish  brown  by  iron  oxide  and  is  rather  friable.  On  the  basal 
surfaces  of  the  corundum  a  little  muscoviU-^  is  developed.  This  lias 
been  observed  on  corundum  from  other  localities. 

Si>inel  has  been  found  at  a  number  of  the  corundum  veins,  and  in 
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Fici.  2.— Ideal  cro88  section  of  a  corundum  dunite  vein  at  the  Corundum  Hill  mine,  Ma<'on 
County,  N.  C.  1,  hard  and  unaltered  dunite;  2,  friable  and  discolored  dunite;  iJ.  talcoso  rock; 
4,  enstatite:  5,  j^reen  chlorite;  rt,  green  chlorite,  corundum,  and  spinel;  i,  green  chlorite;  8, 
enstatite:  9,  talcose  rock;  10,  friable  and  discolored  dunite;  11,  dunite. 

a  few  cases  it  is  very  intimately  associated  with  the  corundum.  At 
the  Carter  mine,  near  Democrat,  Hun(*oml)e  County,  N.  C.,  the  corun- 
dum is  found,  in  masses  of  a  white  and  pink  color,  inlergrown  with 
a  greenish- black  spinel.  The  masses  of  corundum  and  spinel  are 
partially  surrounded  by  a  deep-green  (*hlorite,  vvhicli  has  also  been 
developed  in  places  Ijetween  the  corundum  and  the  spinel,  although 
this  contact  of  the  corundum  and  the  spinel  is  usually  very  shai-p  and 
distinct.  A  massive,  coarsely  to  finely  granular  spinel  is  found  at  the 
Corundum  Hill  mine,  Macon  County,  N.  C.,  which  has  dissemi- 
nated through  it  small  grains  and  fragments  of  pink  and  white 
corundum. 

The  mineral  chromiti%  which  has  always  been  found  associated  with 
these  peridotite  rocks,  occurs  sparingly  in  many  of  th(*  corundum 
veins.     It  is  a  well-observed  fact^  that  where  then*  is  any  quantity  of 
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corundum  found  in  the  peridotite  rocks  tliero  is  a  scarcity  of  ehro- 
mite,  and  where  there  is  a  large  quantity  of  chromite  there  is  a 
scarcity  of  corundum. 

In  a  recent  pai)er^  I  have  discussed  the  origin  of  the  corundum  in 
the  peridotite  rocks,  and  have  ai'copti^ti  the  theory  that  the  corundum 
was  hehl  in  solution  in  the  molten  mass  of  tlie  jKiridotite  when  it  was 
intruded  uio  lliv  tuuntry  rock,  and  that  as  the  mass  began  to  cool 
it  was  among  the  first  minerals  tus(*i)ara!t  .  In  tliese  molten  magmas 
the  more  basic  minerals,  corundum  and  si)inel,  would  be  the  fii*st  to 
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Pio.3.— Ideal  vortical  «Tofl8  section  of  a  ma««  of  ptiridotite  Roon  after  its  iutrusiou  in  gneiss. 
The  corundum  zone  is  tjreatly  oxiiKtforated. 

separate,  and  this  separation  would  take  phuv  along  the  outer  border 
of  the  mass,  for  there  it  would  fii-st  C(K)1.  C'onvcction  currents  would 
then  tend  to  bring  int-o  this  out^r  zone  a  new  supply  of  material  car- 
rying alumina,  and  when  this  zone  was  reached  crystallization  would 
take  place  and  the  alumina  would  be  deposited  as  corundum. 

Fig.  :]  represents  an  ideal  apjK^araucc  of  a  V(»rti(ral  (^ross  section 
of  a  mass  of  dunite  holding  corundum  in  solution,  soon  after  its 
intrusion  int-o  a  gneiss.  In  this  figure  th<»  corundum  zone  has  been 
greatly  exaggerated,  in  order  to  illustrate  better  tlu»  cross  section. 
The  corundum  would  be   concentrated    towar<l    the  borders  of   the 
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duiiit^,  and  would  make  a  sharp  and  nearly  regular  (*ontac*t  with  the 
l^eisH.  The  convict  with  the  dunit<^  would  1h^  in  some  places  sharp 
and  reguliir  and  in  other  places  veiy  iri'egidar,  and  masses  of  the 
<(irundi3m  would  penetrate  the  dunite.  In  some  cases  there  would 
l)o  a  sunK*w  hut  gradual  transition  from  the  corundum  to  the  i)eridotite, 
as  represented  in  fig.  4.     The  rapid  erosion  to  whi^h  rocks  in  a  moun- 
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Fio.  4.— Ideal  vertical  cross  aection  ahowln^  amiimowliar  pfraduftl  traiwition  from  rorundura  to 

poridotite. 

tain  region  are  subjected   would  n»adily  wear  th(»m  down    to  their 
pr(*sent  condition,  represented  by  the  dotted  lines  in  fiix.  3. 

The  corundum  veins,  I,  II,  and  III,  in  fig.  :{,  which  at  the  present 
time  have  no  connection  with  one  another,  but  are  each  separate  and 
distinct,  were  at  the  time  of  their  formation  part  of  the  corundum  con- 
centrated along  the  border  of  the  dunite.     Some  of  these  veins  \vov\\<Si 

Bull.  180—01 2 


18  CORUNDUM    IN    THE    UNITED    STATES.  [bull.  180. 

soon  be  worked  out,  while  others  might  be  explored  for  a  hundred  or 
more  feet  without  any  apparent  change  in  their  width. 

The  most  important  observations  leading  to  the  adoption  of  this 
theory  are :  The  occurrence  of  the  corundum  surrounded  by  granular 
dunite  and  also  by  serpentine;  its  occurrence  with  and  surrounded 
by  spinel;  the  sharp  contact  between  the  gneiss  and  the  altera- 
tion products  of  the  contact  vein ;  the  development,  on  both  sides  of  a 
corundum  vein  penetrating  dunite,  of  the  same  sequence  of  alteration 
products,  which  are  almost  identical  with  those  on  the  dunite  side  of 
a  contact  vein;  the  usual  narrowing  and  pinching  of  the  dunite  veins, 
the  trend  of  which  is  toward  the  center  of  the  mass  of  peridotite,  while 
the  contact  vein  seems  to  extend  down  indefinitely. 

At  a  numl)er  of  the  corundum  veins  in  these  peridotite  rocks,  feld- 
spar, whicli  is  undoubtedly  one  of  the  original  minerals  of  the  rock 
and  not  a  secondary  product,  is  found  associated  with  the  corundum. 
There  is  a  marked  difference  in  the  associated  minerals  when  the  feld- 
spar is  present;  the  chlorite  is  not  so  thoroughly  developed,  and 
enstatite  is  not  so  common,  while  margarite  is  rather  abundant  and 
zoisite  is  not  uncommon.  These  last  two  minerals  are  rarely  met  with 
free  from  feldspar  in  the  corundum  veins. 

The  separation  of  alumina  from  these  peridotite  magmas  has  given 
rise  to  some  interesting  problems,  which  I  have  treated  in  a  paper  ^ 
published  a  short  time  ago.  A  summary  of  the  conclusions  reached 
is  given  here,  as  they  l)ear  directly  upon  the  occurrence  of  the  asso- 
ciated minerals,  spinel,  chromite,  and  feldspar,  in  a  corundum  vein. 

From  what  has  been  observed  in  nature  and  from  the  experiments 
that  have  l>een  made  in  the  laboratory,  it  seems  that  the  separation  of 
alumina  as  corundum  from  molten  magmas  is  dependent  upon  the  com- 
position of  the  chemical  compounds  that  are  the  basis  of  the  magma, 
upon  the  oxides  that  are  dissolved  with  the  alumina  in  the  magma,  and 
upon  the  amount  of  alumina  itself. 

1.  When  the  magma  is  composed  of  a  magnesium  silicate  without 
excess  of  magnesia,  all  the  alumina  held  by  such  a  magma  will  sepa- 
rate as  corundum. 

2.  Where  there  is  an  excess  of  magnesia  in  the  magma  just  described, 
it  will  unite  with  a  portion  of  the  alumina  to  form  spinel,  and  the  rest 
of  the  alumina  will  separate  as  corundum. 

3.  Where  there  is  chromic  oxide  present  in  a  magma  composed 
essentially  of  magnesium  silicate  (as  the  peridotite  rocks),  and  only  a 
very  little  alumina  and  magnesia  are  present,  these,  uniting,  separate 
with  chromic  oxide  to  form  the  mineral  chromite,  and  no  corundum 
or  spinel  is  formed. 

4.  Wlien  peridotite  magmas  contain,  besides  the  alumina,  oxides  of 
the  alkalies  and  alkali  earths,  as  soda,  jwtash,  and  lime,  a  i>ortion  of 
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the  alumina  is  used  iii  uniting  with  these  oxides  and  with  silica  to 
fonn  feldspar. 

5.  There  is  a  strong  tendency  for  the  alumina  to  unite  with  the 
alkali  and  the  alkali-earth  oxides  to  form  double  silicates  like  feld- 
spars, whether  such  silicates  form  the  chief  minerals  of  the  resulting 
rock  or  are  present  in  relatively  small  amount.  There  is,  however, 
little  tendency  for  the  alumina  to  unite  with  magnesia  to  form  double 
silicates  when  the  magma  is  a  magnesium  silicate. 

CORUNDUM  IN  BIOTITE,  CONTACT  ON  SAXONITE. 

At  the  asbestos  quarry  near  Pelham,  Mass.,  thei-e  is  a  large  lens  of 
the  igneous  saxonite  variety  of  the  peridotite  rocks  penc^trating  the 
acid  gneiss  of  the  country.  The  saxonite  is  very  much  altered  to  a 
depth  of  3  to  12  feet,  when  the  hard  nearly  fresh  ro(*k  is  encountered, 
which  is  of  a  dull-black  color  and  is  made  up  of  grains  of  olivine  and 
the  orthorhombic  pyroxene,  bronzite.  The  black  color  of  the  rock  is 
due  to  disseminated  particles  of  chromite  and  magnetite.  Part  of  the 
magnetite  may  be  due  to  the  alteration  of  the  grains  of  olivine,  similar 
to  tJhat  observed  in  the  dunites  of  North  Carolina,  where,  at  the  begin- 
ning of  its  alteration,  there  is  a  deposition  of  magnetite  in  fine  grains, 
which  forms  a  network  of  blaek  lines  often  outlining  the  grains  of 
olivine. 

Professor  Emerson  has  made  a  petrograi>hical  examination  of  this 
rock  and  describes  it  as  follows:  ^ 

This  is  a  very  fresh  mixture  of  olivine  and  enstatite,  both  dasted  through  with 
black  ore,  largely  chromite.  It  is  a  dull-black  rock  of  very  great  toughness.  The 
olivine  grains  have  often  many  crystalline  faces.  The  enstatite  is  in  rare,  small 
plates,  with  parallel  sides  and  irregular  ends,  and  with  a  fine  wavy  lamination, 
which  is  often  marked  by  lines  of  black  ore,  generally  concentrated  in  some  part 
of  the  plate,  especially  the  center.  Although  nearly  colorless  or  pale  bronzy  in 
common  light,  it  has  marked  pleochroism.  It  is  plainly  rhombic,  and  grades  into 
the  asbestiform  decomposition  product  in  veins  running  through  the  section. 

None  of  the  anthophyllite  that  is  so  abundant  in  the  decomposed 
portion  of  the  saxonite  were  observed  in  the  fresh  rock. 

From  the  fresh  rock  to  the  surfaces  and  the  contact  with  the  gneiss 
the  saxonite  is  more  or  less  completel}^  altered,  and  penetrating  through 
this  there  is  a  network  of  veins  of  anthophyllite,  which  are  more*  or 
less  asbestiform.  These  veins  vary  in  width  from  very  thin  seams  to 
8  inches,  with  some  that  are  very  much  wider,  fi-om  which  fibrous 
masses  have  been  obtained  20  to  30  inches  long.  It  is  these  veins  of 
fibrous  anthophyllite  that  constitute  the  asbestos  quarry  of  Pelham. 

The  saxonite  is  separated  from  the  gneiss  by  a  band  of  bronze- 
colored  biotite,  usually  4  to  8  inches  thick,  but  in  placi\s  reaching  a 
thickness  of  4  feet.  In  this  wider  portion  there  are  nodules  or  im- 
perfect crystals  of  corundum  of  a  grayish  color  mottled  with  blue. 
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These  are  often  wrapped  with  chlorite.  Nodules  of  a  black-green 
hornblende  and  an  emerald-green  actinolite  are  also  found  in  the 
biotite.     There  has  been  no  great  quantity  of  the  corundum  found. 

This  zone  of  biotite  is  probably  the  result  of  contact  metamorphism 
of  the  saxonite  on  the  gneiss,  and  the  inclosing  corundum  was  formed 
at  the  same  time.  This  is  similar  to  the  large  quantity  of  corundum 
occurring  in  biotite  at  the  contact  of  saxonite  and  gneiss  at  the  Bad 
Creek  mine,  Sapphire,  N.  C.     (See  page  02.) 

CORUNDUM    IN    ENSTATITE. 

Enstatite  is  rather  common  as  a  secondary  i)roduct  at  many  i^laces 
where  the  corundum  occurs  in  peridotite,  and  is  thus  an  associate  of 
corundum  at  these  localities.  Occurrences  are  rare,  however,  of 
corundum  in  an  enstatite  that  is  the  original  rock.  Where  thus  found 
the  rock  is  made  up  chiefly  of  the  orthorhombic  pyroxene,  enstatite, 
in  bladed  interlocking  crystals  of  a  grayish  color.  It  is  always  more 
or  less  decomposed  into  talc. 

At  the  Rattlesnake  mine,  Sapphire,  Jackson  County,  N.  C,  and  on 
the  West  Fork  of  the  French  Broad  River,  in  Transylvania  County, 
N.  C,  corundum  has  been  found  sparingly  in  the  borders  of  an  ensta- 
tite rock. 

Enstatite  rocks  are  somewhat  common  in  North  Carolina,  but  acces- 
sory minerals  in  them  are  rare,  and  the  most  common  one  observed  is 
chromite,  in  small  grains. 

CORUNDUM    IN    SERPENTINE. 

At  a  number  of  peridotite  localities  in  North  Carolina  and  Georgia 
crystals  and  fragments  of  corundum  have  been  found  that  were  sur- 
rounded by  serpentine,  but  nowhere  in  this  southern  section  of  the 
peridotite  belt  has  corundum  been  found  associated  with  the  larger 
masses  of  serpentine.  In  Chester  and  Delaware  counties,  Pa.,^  there 
is  a  long  belt  of  serpentine  rocks,  part  of  which,  at  least,  have  been 
derived  from  jieridotite  rocks,  and  in  connection  with  thesi*,  in  the 
eastern  part  of  Chester  County  and  the  western  part  of  I>elaware 
County,  corundum  has  been  found.  In  this,  as  in  the  peridotite,  the 
corundum  occui-s  near  the  contact  of  the  country  rock.  Considerable 
plagioclase  feldspar  is  associated  with  the  corundum  in  the  vein  in  a 
manner  somewhat  similar  to  the  occurrence  of  this  mineral  at  the 
Cullakeenee  mine,  Buck  Creek,  Clay  County,  N.  C.  In  the  South 
corundum  has  not  been  found  as  constantly  associated  with  the  ser- 
pentines as  it  is  with  the  peridotites,  but  chromite  is  found  very 
abundantly  with  many  of  them. 

Cutting  through  the  serpentines  on  the  eastern  sloi>e  of  Spanish 
Peak,  Plumas  County,  Cal.,  are  white,  coarse-grained  dikes  composed 
of  corundum  and  oliirocbise. 
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CORUNDUM    IN    CHLORITE-SCHIST. 

Besides  being  asBociated  with  chlorites  in  the  peridotites  just 
described,  corundum  is  found  in  the  long  belts  of  chlorite-sehist  that 
traverse  the  country  10  or  12  miles  southeast  of  Webster,  Jackson 
County,  N.  C.  These  chlorite  rocks,  which  sometimes  attain  a  width 
of  several  hundred  feet,  are  traceable  for  miles  across  the  country.. 
Almost  the  only  constituent  of  these  rocks  is  a  green  scaly  chlorite, 
though  sometimes  there  are  present  small  grains  of  feldspar,  and 
occasionally  needles  of  amphibole.  The  chlorite  is  in  small  scales, 
never  very  coarse,  as  is  sometimes  the  ease  in  the  zones  about  the 
Xieridotite,  and  often  these  are  so  minute  as  to  give  the  rock  a  very 
compact  appearance. 

In  one  of  these  belts,  on  Caney  Fork  of  Tuckasegee  River,  Jackson 
County,  N.  C,  corundum  is  disseminated  through  the  chlorite  in  small 
rounded  masses,  ranging  in  thickness  from  an  inch  to  minute  grains, 
and  there  the  chlorite  is  not  so  compact  as  elsewhere.  The  corundum 
is  usually  wrapped  with  a  white  coating  of  micii,  which  is  a  secondary 
mineral  derived  from  the  corundum.  The  mica  is  often  in  radiating 
scales  perpendicular  to  the  outer  surface  of  the  corundum,  and  while 
in  some  cases  it  is  very  thin,  in  other  cases  it  has  replaced  nearly  all 
of  the  corundum,  leaving  but  a  grain  of  that  mineral  in  the  center. 

CORUNDUM  IN  AMPHIBOLITE. 

The  occurrence  of  corundum  in  amphil)olite  is  imix)rtant,  as  the 
large  deposits  of  emery  corundum  at  Chester,  Mass.,  are  found  in  this 
rock.  Under  the  head  of  amphibolite  are  included  all  those  rocks 
that  are  composed  entirely  or  chiefly  of  amphi boles.  These  rocks  occur 
rather  widely,  including,  as  they  do,  those  of  Massachusetts,  Georgia, 
and  North  Carolina,  but  with  the  exception  of  those  that  contain  the 
emerj-  they  have  not,  up  to  the  present  time,  been  important  in  the 
production  of  corundum. 

Associated  with  the  peridotite  rocks  of  Clay  County,  X.  C,  and 
the  adjoining  Towns  County,  Ga.,  ai*e  dikes  of  amphilx)lite,  which  are, 
for  the  most  part,  tetween  the  peridotite  and  the  gneiss,  although  in 
some  places  they  cut  directly  across  the  peridotite  formation,  but  close 
to  the  contact  of  that  rock  with  the  gneiss.  These  dikes  vary  in  width 
from  25  to  over  300  feet,  their  average  width  teing  from  75  to  100  feet. 
The  relation  of  these  amphibolite  dikes  to  the  peridotite  formation  at 
Buck  Creek,  Clay  County,  N.  C,  is  shown  in  fig.  5. 

The  groundmass  of  this  amphibolite  is  a  grass-green  amphibole, 
containing  17  per  cent  of  alumina,  nearly  12  per  cent  of  lime,  and 
one-half  of  1  per  cent  of  magnesia,  which  is  best  classified  under  the 
edenite  variety  of  aluminoius  amphiboles.  The  rich  green  color  of  the 
edenite  is  undoubtedly  due  to  the  presence  of  a  small  amount  ol  iiVvto 
mic  oxide,  the  analysis  showing  the  presence  of  0.38  p^r  c^nt  ol  \Xi\% 
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oxide.  Many  microscopic  grains  of  picotite  or  climniite  are  scattered 
through  the  groiindmass  of  tlie  edenite.  There  is  also  present,  in 
widely  varying  proportions,  the  plagioclase  feldspar  anorthite.  The 
feldspar  is  not  constant  in  all  of  the  amphibolites,  and  where  it  does 
occur  it  varies  in  size  from  minute  particles  to  masses  as  large  as  a  pea. 
The  mck  has  often  a  ver3^  strikingly  laminated  structure,  and  grades 
from  that  to  one  which  shows  no  lamination  at  all.  It  is  exceedingly 
tough  ahd  very  fine  gmined.  The  corundum,  which  occurs  in  the 
amphiboliu*  lus  an  accessory  mineral,  varies  in  size  from  minute  parti- 
cles to  masses  several  inches  in  diameter,  in  which  there  are  usually 
developed  parting  planes  parallel  to  the  unit  rhombohedron.  In  color 
it  varies  from  almost  white  to  a  deep  ruby  I'ed,  but  the  prevailing  color 
is  a  deep  pink. 
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Fiii.  5.— Map  (tf  tbo  Buck  Creek  poiidutite  area,  showing  the  relatiou  of  the  amphibolite  dikes. 


On  account  of  the  exceeding  toughness  of  the  rock,  and  more  par- 
ticularly on  account  of  the  low  percentage  of  corundum,  these  amphib- 
olites are  not  of  commercial  value  as  a  source  of  corundum;  they 
do,  however,  make  handsome  mineral  specimens. 

On  the  eastern  slope  of  the  Blue  Ridge,  in  the  vicinity  of  States- 
ville,  Iredell  County,  N.  C,  corundum  has  been  found  associated 
with  an  amphibohte  composed  of  a  dark -green  hornblende.  On 
account  of  the  thickness  of  the  soil  and  the  depth  to  which  these 
rocks  have  been  decomposed,  there  are  few  places  where  the  fresh 
rocks  are  exposed,  and  little  is  known  of  their  extent.  At  Hunters, 
7   miles  west  of  Statesville,    the  amphibolite   was  exposed  during 
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exploration  for  corundum,  which,  aceonling  U)  I^ewis,^  was  found  to 
occur  in  fine  brown  vermiculit-e,  developed  in  zones  alon^  the  borders 
of  and  penetrating  the  amphibolite,  and  varying  in  thickness  from  a 
few  inches  to  3  or  4  feet.  Fig.  G  is  an  ideal  illustration  of  the  occur- 
rence of  corundum  in  the  amphibolite  at  Hunters.  In  this  figui'e,  a 
represents  a  feldspar  vein  that  is  sometimes  encountered  in  the  midst 
of  the  vermiculites,  h;  the  feldspar  is  more  or  less  altered  to  kaolin, 
and  often  bears  corundum,  although  most  of  it  was  found  in  the 
vermiculite  zones,  h  i^epresents  the  vermiculite  zones  carrying  the 
corundum,  which  is  in  crystals  and  in  rounded  massesof  crystals  clus- 
tered together.  Margarite  sometimes  accompanies  it,  and  large  masses 
made  up  almost  entirely  of  these  two  minerals  have  lK»en  found  on 
the  surface  in  this  region,  c  represents  ra<liating  bordei*s  of  actinolite 
that  inclose  large  masses  of  what  was  once  amphibolite,  but  wliich 
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Pio.6.— Ideal  vertical  cro6tt  bection  of  corundum  in  amphibolite  at  Hunters,  Iredoll  County,  N.  C. 

is  now  nothing  but  a  mass  of  ocherons  clay,  bearing  occasional  needles 
of  hornblende  and  scales  of  vermiculite.  The  outer  portions,  (7,  are 
dark-green  amphibolite. 

CORUNDUM    (emery)    IN   AMPHIBOLITE   AT   CHESTER,  MASS. 


The  most  widely  known  occurrence  of  corundum  in  amphibolite  is 
that  of  the  emery  at  Chester,  Mass.,  an  elaborate  description  of  which 
is  given  by  Prof.  B.  K.  Emerson  ^  in  his  exhaustive  work  on  the  geol- 
ogy of  old  Hampshire  County,  Mass. 

Extending  almost  continuously  across  the  State,  north  and  south  of 
Chester,  there  is  a  band  of  amphil)olite  that  is  conformable  through- 
out its  entire  extent  with  the  sericitic  schists  of  this  section  of  the 
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State.  The  strike  of  this  band  of  amphibolite  is  dependent  upon  the 
windings  of  the  schists,  and  its  dip  is  approximately  90°.  Its  width 
will  average  only  a  few  rods,  but  in  the  vicinity  of  Chester,  a  few 
miles  both  north  and  south  of  the  town,  it  is  three-quarters  of  a  mile 
wide,  and  it  is  in  connection  with  tliis  broad  band  that  the  emery  is 
found.  It  occurs  on  the  eastern  side  of  the  amphibolite  and  is  sep- 
arated from  the  sericitic  schists  by  a  narrow  band  of  amphibolite,  vary- 
ing in  width  from  an  inch  or  two  to  nearly  18  feet.  Sometimes  there 
has  been  considerable  serpentinization  of  the  amphibolite,  and  the 
emery  is  separated  from  the  schists  by  serpentine.  Across  the  West- 
field  River  from  the  point  where  the  emery  is  first  encountered,  the 
amphibolite  is  replaced  by  serpentine,  and  it  is  in  this  bed  of  serpen- 
tine that  crystals  of  this  mineral,  pseudomorphous  after  olivine,  are 
said  to  occur,  specimens  of  these  being  in  the  geological  collection 
at  Amherst  College. 

The  amphibolite  is  in  appearance  a  finely  laminat<?d  rock  made  up 
of  interrupted  thin  sheets  of  feldspar  grains  and  of  jet-black  needles 
of  hornblende,  and  usually  contains  more  or  less  green  epidote. 

The  sericitic  schists  on  the  west  of  the  amphibolite,  which  are 
descril)ed  by  Professor  Emerson  under  the  head  of  the  *'  Rowe  schist,"  * 
are  biotitic  and  feldspathic,  and  often  contain  garnetis  that  are  more 
or  less  alt-ered  to  chlorite.  The  schists  on  the  east  are  described  as 
the  "Savoy  schist,"*^  and  are  chloritic  sericite-schists,  mostly  of  a 
light-gray  color,  with  a  shade  of  green,  due  to  the  chlorite  that  is  mixed 
with  the  muscovite.  When  the  chlorite  can  not  be  seen  with  the  eye 
it  is  readily  detected  under  the  microscope.  In  some  places  the  pro- 
portion of  the  chlorite  has  increased  until  there  ai*e  considerable 
aggregations  of  this  mineral  along  the  planes  of  lamination.  (Tarnet 
and  pyrit^  are  also  abundant  in  certain  portions  of  the  schist. 

The  emery  vein  can  be  followed  for  a  distan(»e  of  nearly  5  miles, 
starting  from  the  point  where  it  is  first  encountercnl,  at  the  north  end 
of  the  broad  l)an<l  of  amphibolite,  on  the  left  bank  of  the  Westfield 
River,  just  above  the  railroad  bridge  of  the  Boston  and  Albany  Rail- 
road. The  general  strike  of  the  vein  is  a  little  east  of  south  and  runs 
for  the  most  part  parallel  to  the  line  of  eonta(*t  of  the  amphibolite  and 
schist.  Emery  is  not  found  throughout  the  vein,  but  can  l>e  almost 
continuously  followed  by  means  of  streaks  of  chlorite.  The  vein 
varies  in  width  from  a  few  feet  to  10  or  12  feet,  the  average  width  of 
the  emery  being  about  6  feet.  Upon  both  sides  of  the  emery  there 
are  usually  developed  thin  seams  of  chlorite  varying  from  1  inch  to  6 
inches  or  more  in  width.  During  the  early  history  of  the  mine  a  seam 
of  feldspar  was  encountered,  about  12  inches  wide,  lying  to  the  east 
of  the  emery  and  lK>rdered  on  both  sides  by  chlorite  3  or  4  inches  wide. 
There  is  also  more  or  less  chlorite  developed  in  the  mass  of  the  ore 
body,  which  varies  from  some  portions  that  are  an  almost  pure  mag- 
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netite  to  others  where  there  is  an  intimate  admixture  of  magnetite 
and  corundum.  At  the  Saekett  mine  (described  on  page  68)  the 
corundum,  of  a  bronze  color  and  luster,  is  coarsely  crystallized,  giv- 
ing the  ore  a  porphyritic  appearance.  Sometimes  the  corundum  has 
cr3^stallized  out  in  blue  and  white  crystals  and  in  masses  of  a  pound 
or  two  in  weight. 

ORIGIN   OP  THE  EMERY. 

It  is  a  perplexing  question  to  decide  from  the  examination  of  this 
and  the  surrounding  rocks  whether  the  amphibolite  is  of  sedimentary 
or  igneous  origin,  for  there  are  many  indications  that  point  to  one  and 
to  the  other.  It  is  not  improbable  that  some  portions  of  this  band 
of  amphil>olite,  which  extends  across  the  State,  may  have  l>een  formed 
in  one  way  and  other  portions  in  the  other.  Professor  Emerson  has 
examined  this  belt  of  rocks  for  practically  its  entire  distance  across 
the  State,  and  while  he  is  inclined  to  consider  this  band  of  amphibolite 
of  sedimenta-ry  origin,  he  does  not,  if  I  understand  him  correctly,  see 
aii\'thiiig  antagonistic  to  the  view  that  at  least  a  portion  of  this  amphi- 
bolite is  an  intrusive  igneous  rock.  I  have  examined  only  that  por- 
tion of  the  amphibolite  adjacent  to  the  emery  vein,  and  from  my 
observations  I  had  come  to  the  conclusion  that  this  part  of  the 
amphibolite  band  was  an  igneous  rock  that  had  l>een  intruded  into 
the  schists  along  their  line  of  weakness,  and  that  the  magnetite  and 
emerA^  had  been  the  first  minerals  to  separate  out  from  this  magma. 
The  reasons  that  have  led  me  to  this  conclusion  are  given  briefly 
below. 

The  position  of  the  amphibolite*,  with  a  dip  of  practically  iHf,  lying 
between  the  Rowe  and  Savoy  schists,  which  would  have  been  a  line 
of  least  resistance,  suggests  an  igneous  origin.  What  seems  to  me 
opposed  to  the  acceptance  of  a  sedimentary  origin  for  this  broad 
band  of  amphilK>liU?  is  the  separation  of  the  vein  of  emery  and  mag- 
netite from  the  sericitic  schist  on  the  east  by  a  band  of  the  amphibolite 
varying  in  width  from  a  few  feet  to  18  feet,  which,  as  iar  as  can  l)e 
judged  superficially,  is  identical  in  every  way  with  the  amphibolite  on 
the  west  of  the  vein.  Yet,  if  the  amphibolite  and  emery  are  of  igneous 
origin,  it  would  naturally  be  expected  that  emery  would  occur  on  the 
west  side  of  the  amphibolite,  but  none  has  been  found  there,  although 
it  is  not  certain  that  it  does  not  occur. 

Onl}'  a  small  amount  of  carbonates  has  been  found  in  connection 
with  the  amphibolite  and  emery — no  more  than  couhl  readily  be 
accounted  for  as  secondary  minerals. 

Then,  again,  chromite  has  been  found  in  connection  with  the  ser- 
pentine that  is  associated  with  the  amphibolite,  some  of  which  is 
undoubtedly  an  alteration  of  this  rock.  The  presence  of  the  chromite 
in  the  serpentine  is  to  me  a  very  good  indication  of  its  igneous  origin, 
and  its  being  the  alteration  product  of  a  basic  magnesiaiVTOck.    T\v\&^ 
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then,  would  indicate  tlie  (existence  of  fornu^r  masses  of  a  basic  maj?- 
nesian  rock  which  have  been  changed  into  serpentine,  the  serpentini- 
zation  continuing  into  the  amphibolite  for  some  distance. 

The  emery  is  not  continuous  along  the  strike  of  the  vein,  but  occurs 
in  a  series  of  pockets  in  the  vein  that  dip  about  30°  to  the  north.  lu 
going  from  one  pocket  to  another  along  the  strike  there  is  often  noth- 
ing to  indicate  the  vein  but  a  small  seam  of  chlorite.  The  pockets  are 
abnost  continuous  in  the  direction  of  the  so-called  dip  and  hold  this 
dip  very  constantly. 

It  seems  to  me  that  this  portion  of  the  amphibolite  band  was  an 
igneous  mass  intruded  after  tiie  formation  of  the  sericitic  schists, 
and  either  after  or  at  the  time  these  schists  were  tilted  to  their  pres- 
ent position,  and  that  the  emery  bed  is  the  result  of  the  differentia- 
tion of  components  of  the  mass  that  were  held  in  solution  by  the 
igneous  magma. 

The  theory  that  Professor  Emerson*  proposes  is  also  probable,  viz: 

That  the  emery-magnetite  vein  was  ori^nally  a  deposit  of  limonite  which  was 
formed  by  the  replacement  of  limeBtone  and  into  wh  ch  alnmina  was  carried  by 
infiltrating  solutions  and  deposited  as  allophane  and  gibbsite.  The  snbeequent 
metamorphism  of  the  bed,  although  it  may  well  have  been  intimately  connected 
with  the  extremely  violent  mechanical  forces  to  which  the  strata  have  been  sub- 
jected, was  largely  completed  before  these  forces  had  ceased  their  activity,  as  is 
shown  by  the  jointing  and  brecciation  of  the  magnetite  and  emery.  ♦  ♦  * 
The  less  altere<l  ferruginous  limestone  below  was  changed  into  the  epidotic 
amphibolite. 

Many  points  that  can  be  noticed  support  this  conclusion,  but  these 
also  indicate  an  igneous  origin  for  the  amphibolite.  No  fresh  per- 
idotite  rocks  have  been  observed  in  this  section,  and  the  nearest  are 
probably  across  the  Connecticut  River  at  Pelham,  where  an  igneous 
mass  of  saxonite  is  encountered.  The  presence,  however,  of  chromite 
in  the  serpentine  associated  with  this  amphibolite  is  to  me  very  good 
evidence  for  believing  that  the  serjientines  have  an  igneous  origin, 
and  it  is  very  probable  that  they  are  alterations  of  former  masses  of 
an  intruded  peridotite. 

If  any  deep  mining  is  undertaken  on  the  emery,  new  evidence  may 
be  brought  to  light  that  will  determine  decidedly  what  may  have  been 
the  origin  of  these  amphibolites  and  emer}'  deposits. 

CORUNDUM  IN  NORITE. 

In  the  vicinity  of  Peekskill,  Westchester  County,  N.  Y.,  corundum 
has  been  found  associated  with  norites,  which  have  been  described 
by  G.  11.  Williams.'^  These  rocks  belong  to  the  Cortland  series,  of 
which  the  prevailing  rock  type  is  one  that  is  characterized  by  the 
presence  of   the  mineral  hypersthene.    But  though  this  mineral    is 

»  Mon.  U.  S.  Geol.  Survey  Vol.  XXIX.  p  145. 

»Am.  Jour.  Sci.,  3d  aeries.  Vol.  XXXIII,  1887,  pp.  186, 191. 
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there  so  abundant,  a  normal  norite,  containing  nothintc  bnt  a  pla- 
gioclase  feldspar  and  hyx)ei'sthene,  is  extremely  rai-e.  There  is  more 
or  less  biotite,  hornblende,  or  augile  developed  in  nearly  all  rocks  of 
this  class,  so  that  there  is  a  gradual  transition  from  normal  norite  to 
mica-diorite,  hornblende-diorite,  and  gabbro.  The  intermediate  vari- 
eties are  much  more  common  than  the  extremes,  and  they  have  been 
classified  by  Williams  according  to  the  prevailing  nonfeldspathlc 
mineral.  Where  hypersthene  prevails  the  rocks  are  giiiuped  as 
norites,  being  sulniivided  into  normal  norite,  horneblende-norite,  mica- 
norite,  and  augit^-norite,  according  to  the  presence  of  these  different 
minerals  in  the  rock.  These  so  grade  into  each  other  that  no  sharp 
line  can  be  drawn  between  them. 

Associated  with  the  norites,  3  and  4  miles  southeast  of  Peekskill, 
N.  Y.,  are  deposits  of  magnetite  and  emery.  It  is  not  at  all  unlikely 
that  these  veins  are  the  products  gf  the  differentiation  of  the  molten 
norite  magma,  by  which  the  basic  portion  of  the  magma  has  ])een  con- 
centrated near  its  out/cr  surface,  a  gradual  transition  occurring  toward 
the  center  to  the  more  acid  norite.  This  occurrence  would  be  similar 
to  that  of  the  pyrrhotites  which  have  separated  out  from  the  norites 
of  Norway,  as  described  by  Vogt.'  In  that  case  the  pyrrhotite  was 
concentrated  toward  the  border  of  the  norite,  and  there  is  at  some 
places  a  gradual  transition  from  the  pure  pyri'hotite  through  a  pyrrho- 
tite-norit4i  to  the  pure  norite,  while  at  othei*s  there  is  a  sharp  contact 
between  them.  The  deposits  of  magnetite  and  emery  are  not  in  a  con- 
tinuous vein,  but  are  more  like  segregated  masses.  Attempts  have  been 
made  to  work  these  for  botli  iron  and  emery,  but  as  iron-ore  deposits 
they  were  soon  abandoned.  They  are  still  being  worked  to  a  certain 
extent  for  emery  by  the  Jackson  Mills  Company,  of  P^aston,  Pa. ;  the 
Tanite  Company,  of  Stroudsburg,  Pa.;  and  II.  M.  Quinn,  of  Philadel- 
phia, Pa.  An  examination  of  the  emery  ore  by  J.  1).  Dana^  and  G.  H. 
Williams,^  has  shown  that  the  corundum  component  is  often  scattered 
rather  sparingly  through  the  ore,  and  what  had  formerly  been  sup- 
posed to  be  green  chlorite  was  found  to  be  the  iron-magnesian  spinel, 
pleonaste.  The  corundum  in  the  emery  varies  from  small,  colorless 
grains  to  crystals  7  mm.  in  diameter,  wliich  show  a  hexagonal  outline. 
In  other  parts  of  the  emery  the  corundum  grains  are  larger  and  of  a 
bluish  color. 

The  pleonaste,  which  is  so  commonly  associate<l  with  the  emery, 
has  been  found  at  the  Cruger  iron  mine,  in  the  eastern  part  of  the 
township,  as  veins  in  a  nearly  normal  norite,  into  which  it  passes  by 
gradual  transitions.  Tlie  most  compact  specimens  of  the  ore  at  this 
mine  are  found  to  contain  the  various  mineral  components  of  the 
norite,  i.  e.,  hypersthene  feldspar,  biotite,  and  garnet,  no  corundum 
having  been  observed  here. 


»  Zeitsc'hr.  ftir  Prakt.  Oik)!.,  Noa.  1. 4. and  7,1883. 
•■«  Am.  Jour.  Sci.,  3d  Keries,  Vol.  XX.  188(),  p.  l«tt. 
» Idem,  Vo].  XXXin,  JS^7.  p.  194. 
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This  gradual  transition  of  the  pleonaste  and  iron  ore  into  the  nor- 
mal norit^?  and  the  occurrence  of  the  norite  minerals  in  the  compact 
ore  are  strong  evidence  that  these  ore  bodies  were  formed  by  the  dif- 
ferentiation of  the  molten  norite  magma. 

In  the  vicinity  of  tliese  norites  there  are  small  masses  of  peridotiti^ 
but  no  corundum  has  been  found  associated  with  tliem. 

CORUNDUM  IN  BASIC  MINETTE. 

Near  the  entrance  of  Yogo  Gulch,  in  Fergus  County,  Mont.,  two 
parallel  dikes  of  igneous  rock  have  been  observed  cutting  thniugh 
the  limestones.  These  dikes  are  about  8(K)  feet  apart,  and  can  l>e 
followed  for  over  a  mile  in  a  nearly  east-west  course.  Their  gen- 
eral width  is  from  G  to  20  feet,  but  they  are  occasionally  75  feet  wide. 
They  are  much  decomposed  near  the  surface,  but  in  working  tliem 
for  the  sapphires  which  they  contain  the  nearly-  unaltert^d  rock  has 
been  encountered. 

The  rock  has  a  dark-gray,  decided  basic  api>earance,  and  is  very 
tough,  breaking  with  an  uneven  fracture.  Scattered  through  it  are 
light-green  and  white  fragments,  which  are  by  far  the  most  conspic- 
uous of  any  of  the  mineral  components  of  the  ro(*k.  These  are  a 
pj'^roxene  that  is  more  or  less  decomposed  and  calcit^e.  Some  of  these 
white  fragments  are  probably  the  barium  carbonace  witherite,  for  in 
the  concentrates  obtained  from  washing  the  decomposed  portions  of 
the  dike  a  considerable  quantity  of  this  mineral  was  found.  Num- 
berless crystals  of  pyinte,  not  over  a  millimeter  in  diameter  and  almost 
perf(^ct  trap^^zohedrons,  wei*e  also  found  in  these  concentrates.  A 
few  scattere<l  tablets  of  biotite,  from  2  to  l\  mm.  in  diameter,  were 
observed.  The  sa[)phire  variety  of  corundum  is  found  rather  spar- 
ingly in  this  rock  in  well-formed,  flat,  tabular  crystals,  som<»  of  which 
an»  half  an  inch  in  diameter. 

Pi-ofessor  Pirsson,  of  the  Sheffield  Scientific  Sc^hool,  has  made  a  pet- 
rographical  examination  of  this  rock,  and  descrilK»s  it  as  follows: ' 

In  the  Bection  the  rock  at  once  shows  its  character  as  a  dark,  basic  lauiprophyre, 
consisting  mainly  of  biotite  and  pyroxene.  There  is  a  little  iron  ore  present,  but 
its  amount  is  small  and  much  less  than  is  usnally  seen  in  roc^ks  of  this  class.  The 
biotite  is  strongly  pleochroic,  varying  between  an  almost  colorless  and  a  strong, 
clear,  brown  tint.  It  occurs  in  ragged  masses,  rarely  showing  crystal  outline,  and 
it  contains  a  large  amount  of  small  apatite  crystals.  The  pyroxene  is  of  a  pale- 
green  tint,  with  the  habit  of  diopside^and  is  filled  witu  many  inclnsionS,  now 
altered,  but  probably  originally  of  ^lass;  in  some  crystals  these  inclusions  are  so 
abundant  as  to  render  the  mineral  quite  spon^^y.  The  grains  sometimes  show  crys 
tal  form,  but  are  mostly  anhedral  and  vary  in  size,  though  the  evideuce  is  not  suf- 
ficient to  show  two  distinct  generations. 

These  two  minerals  lie  closely  crowded  together,  and  no  feldspars  are  seen  in  the 
rock.  The  interstices  between  them  consist  of  a  small  amount  of  a  clouded,  brown- 
ish, kaolin-like  aggregate,  which  appears  to  represent  some  former  feldspathoid 

1  Am.  Jour.  Sci.,  4th  8eri*?a.  Vol.  IV.  1»97,  p.  4«*1. 
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comix>nent,  possibly  lencite,  perhaps  analcite.    ^     -  iSoine  calcite  iu  agglom- 

erated grannies  is  also  seen  in  the  section. 

This  e^lcite  does  not  appear  to  he  of  seeoiidary  origin,  and  is  proba- 
bly due  to  fragments  of  limestone  that  were  pieked  up  as  the  igneous 
mass  foreed  its  way  up  through  the  limest-ones  and  were  (converted 
into  calcite. 

As  has  been  indicated  b}^  Professor  Pirsson  ^  in  his  paper,  the  amount 
of  biotite  in  this  rock  shows  that  it  is  closely  related  to  the  minettes, 
and  although  it  is  lacking  in  feldspar  it  has  the  biotite  and  pyroxene 
of  these  rocks.  It  is  a  more  basic  type  of  these  and  is  also  similar  to 
the  shonkinites  fnmi  the  llighwood  Mountains,  Montana,  described 
by  Weed  and  Pirsson.- 

The  sapphires,  which  are  all  of  some  sIukIc  of  blue,  (mhmii-  but  larely 
in  the  rock,  and  from  their  sharp,  distinct  crystals  and  tiicir  g<»neral 
distribution  it  is  very  evident  that  tht^y  have  crystal liz(»(l  out  of  the 
molten  magma  at  the  time  of  its  intrusion,  sinularly  to  crystals 
of  feldspar  in  i)orphyry.  The  alumina  of  the  sapphires  was  not 
an  original  constituent  of  the  nmgma,  but,  as  luis  been  shown  by 
Pirsson,^  was  due  to  inclusions  of  clay  se<limcnts  tak(Mi  uj)  from  the 
strata  through  which  it  passed.  The  Belt  fornuition,  consisting  of 
clay  shales  of  great  but  unknown  thickness,  undoubtedly  underlies  the 
limestones,  and  the  included  fragments  of  these  shales  were  the  source 
of  the  alumina  of  the  sapphires.  These  included  fragments  w^ould  be 
dissolved  by  the  molten  magma  and  thus  form  local  areas  that  would 
be  very  rich  in  alumina.  As  the  magma  began  to  cool  corundum  crys- 
tals would  separate  out  in  these  alumina- rich  areas. 

CORUNDUM   IN  ANDESITE. 

The  occurrence  of  corundum  in  andesite  in  the  Ignited  States  was 
first  descril^ed  by  Kunz.  ^  He  descril^ed  a  dike  of  andesite  at  liuby 
Bar,  near  Eldorado  Bar,  on  the  Missouri  River,  1:3  miles  northeast  of 
Helena,  Mont.  As  described  by  him,  this  rock  is  in  a  dike  cutting  the 
slates  of  the  country  and  is  a  vesicular  mica-augitc-and(\site,  which 
is  maile  up  of  a  gi*oundmass  of  feldspar  microlite  and  a  ])rownish 
glass,  in  which  are  man}'  particles  of  biotite  and  crystals  of  augite. 

A  similar  occurrence  has  been  observ(»d  ])y  myself  on  the  river  0 
miles  above  Eldorado  Bar,  at  French  Bar,  which  is  nearly  12  miles 
due  east  of  Helena.  At  this  locality  a  narrow  dike,  >i  to  0  feet  wide, 
was  found  cutting  through  the  slates  of  this  section.  The  trend  of 
the  dike  is  N.  5°  to  10°  E.,  and  it  dips  alxmt  45"  E.  It  was  encountered 
by  mmers  who  were  working  the  gravels  of  the  ]>ar  for  sapphires,  and  it 
has  been  exposed  at  but  one  point,  so  that  its  extent  is  not  known. 


»  Am.  Jour.  Sd.,  4th  series.  Vol.  IV,  1W»7.  p  422. 
«  Idem,  Vol.  1, 1895,  p.  467. 
»  Idem,  Vol.  IV,  1»97,  p.  42a 

*  Idem,  Vol. IV,  1897, p. 418;  Mln.MaK..Vol.IX,18!ll,p.i»6;  Seventeenth, Eighteenth, Ninetw\\l\i^ 
Twentieth  Ann.  Bepts.  U.  S.  G^eol.  Survey. 
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The  rock  is  fino  j^raiDed,  of  a  ratlier  light-gray  color,  and  a  decided 
basic  appearance.  Biotite  is  the  most  conspicuous  mineral  and  occurs 
in  small,  flat,  tabular  plates,  sometimes  with  distinct  crystal  outline, 
and  up  to  a  millimeter  or  two  in  diameter.  In  some  specimens  of  the 
rock  there  are  nodules,  5  to  10  mm.  in  diameter,  that  appear  to  be 
partially  decomposed  feldspar.  The  augite,  which  is  prominent  in 
the  thin  section,  in  not  very  apparent  in  the  han^}  si)ecimen. 

Prof.  L.  V.  Pirsson,  of  Yale  University,  has  kindly  examined  thin 
sections  of  this  rock  for  me  and  says  that  the  rock  is  an  altered  augite- 
mica.-syenite.  It  <*ontains  unaltered  ph(^n(x*.rysts  of  a  clear  brown 
biotite  which  are  Avell  crystallized  and  which  sometimes  show  slight 
resorption.  It  also  contains  phenocrysts  of  augite  of  a  pale-brown 
color,  variable  in  size,  the  largest  2  mm.  across,  replaced  in  the  majority 
of  cases  by  pseudomorplis  of  calcite.  Besides  this  pseudomorphous 
calcite  there  is  also  a  considerable  amount  of  this  mineral  in  irregular 
masses  or  streaks,  which  may  in  part  be  the  filling  of  steam  iK)res  and 
in  part  be  pseudomorphous  after  hornblende;  this,  however,  could  not 
be  definitely  determined.  The  minerals  just  mentioned  are  embedded 
in  a  groundmavss  of  a  brown  glass  which  is  everywhere  speckled  and 
dotted  with  microlites  of  a  lath-shai^d  plagioclase  feldspar.  These 
are  small  and  somewhat  altered,  so  that  their  determination  is  not 
entirely  satisfactory,  but  they  appear  to  l)e  oligoclase. 

The  rock  is  thus  porphyritic,  and  the  structure  of  the  gi*ound- 
mass  is  typical  for  the  hyalopilitic  structure  of  Rosenbusch.  In  many 
respects  it  closely  resembles  the  augite-porphyrite  of  Weiselberg, 
weiselbergite.  * 

One  feature  that  is  brought  out  in  the  thin  sections  is  the  some- 
what laminated  character  of  the  rock  in  one  direction,  while  in  the 
slide  cut  at  right  angles  to  this  a  well-characterized  flow  structure  is 
observed,  all  the  longer  ax(»s  of  the  minerals  pointing  in  one  direction. 
This  indicates  movements  of  flowing  lava  after  the  components  had 
formed. 

The  corundum  crystals  occur  vmy  si)aringl3^  in  the  rock,  and  those 
that  were  observed  were  not  so  sharp  and  distinct  as  the  blue  sap- 
phires. 

I  could  obtain  no  definite  information  regarding  the  l(K*^tion  of 
Ruby  Bar  and  no  one  of  the  bars  is  now  called  by  that  name.  It  is 
possible  that  the  bar  described  by  Kunz  is  the  same  as  the  one  now 
known  as  French  Bar.  From  the  description  given  of  Ruby  Bar,  it 
is  apparently  not  so  far  up  the  river  as  French  Bar. 

CORUNDUM    IN    SYENITE. 

On  a  high  foothill  between  (Gallatin  and  Madison  rivei*s,  in  Gal- 
latin Oounty,   Mont.,  corundum  has  Iw^cn   found  in  a  rock  that  is 


'  Rosi'iibuscb,  Mrhh.  C4est.,  Iki  od.y  p.  953. 
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composed  essentially  of  orthoclase  feldspar,  corundum,  and  biotite, 
with  the  feldspar  predominating.  This  would  classify  the  rock  as  a 
corundum-bearing  biotite-syenite.  The  rock,  for  the  most  part,  has 
a  somewhat  gneissoid  structure,  and  in  these  portions  the  corundum 
is  more  or  less  finely  divided,  being  in  fine  grains  and  small  crystals. 
In  other  portions,  where  the  corundum  is  coarsely  crystallized,  the 
rock  has  something  of  a  pegmatitic  character,  and  the  corundum  is 
surrounded  by  the  orthoclase.  The  crystals  of  corundum  vary  in  size; 
the  largest  ones  are  1^  inches  long  and  from  a  quarter  to  a  half  an 
inch  in  diameter.  They  are  fairly  well  developed  in  the  i>rismatic 
zone,  but  many  of  them,  especially  the  larger  ones,  are  rounded.  In 
color  they  vary  from  bluish  graj'  to  almost  colorless.  The  percentage 
of  the  corundum  in  the  rock  is  large,  and  from  a  superficial  examina- 
tion it  could  be  compared  to  the  percentage  of  quartz  in  an  iiverage 
granite.  The  biotite  is  in  small  tablets,  without  definite  (M-ystal  out- 
line, and  the  tablets  are  often  so  arranged  as  to  give  the  mass  of  the 
rock  its  gneissic  appearance.  The  orthoclase  did  xnt^  show  any  crystal 
outline  even  in  the  larger  fragments. 

This  occurrence  of  corundum  was  discovere<l  by  Prof.  F.  \V. 
Traphagen,  of  Bozeman,  Mont.,  to  whom  I  am  indebted  for  the 
specimens. 

From  the  appearance  of  the  hand  siiecimens,  this  occurrence  of 
corundum  is  similar  to  that  in  the  syenite  of  Ontario,  Canada,  recently 
described  by  Blue^  and  Miller.'-* 

CORUNDUM  IN  AMPHIBOLE-SCHIST. 

At  the  Sheffield  min<5,  in  Cowee  Township,  Macon  County,  X.  C, 
corundum  has  been  mined  in  a  saprolitic  rock  at  various  times  for  a 
number  of  years.  In  a  shaft  sunk  to  determine  the  depth  of  the 
corundum-l)earing  saprolite,  solid,  unaltered  rock  was  encountered. 
The  shaft,  which  was  87  feet  deep,  passed  through  the  following  rocks: 
The  first  12  feet  (a)  was  through  the  saprolite,  in  which  there  were 
seams  of  kaolin;  the  next  2  feet  (b)  were  corundum  bearing.  From 
14  to  28  feet  {c)  the  same  saprolite  was  encountered;  the  next  2  feet 
(d)  were  corundum  bearing,  followed  by  10  feet  (e,  30  to  40  feet)  of 
the  Siiprolite,  and  2  more  feet  (/)  that  were  corundum  bearing.  From 
42  to  03  feet  (y)  the  rock  began  to  be  less  decompose<l,  and  from  03  to 
00  feet  (h)  another  seam  of  Corundum-bearing  rock  was  encountered. 
From  this  point  to  the  bottom  of  the  shaft  the  rock  became  more  and 
more  solid,  until  at  77  feet  (i)  the  fresh  rock  was  encountered.  These 
various  seams  in  the  rock  are  very  pronounced.  They  dip  30"  toward 
the  west  near  the  top,  but  beconii^  nearly  horizontal  near  the  bottom 


•  Tranp.  Am.  Inst.  Min.  Eng.,  Vol.  XXVIII,  1898,  p.  5tVi,  and  Rept.  Bureau  of  Mines,  Ontario, Vol. 
Vm,  Partll,  I899,p.  !M(K 

«  Rept.  Bureau  of  Mines,  Ontario,  Vol.  VII,  Part  111,  IWW,  p.  2;fti,  and  Vol.  VIII,  Part  II,  1899, 
p.  afi. 
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of  the  shaft.  The  seams  of  decomposed  feldspar  observed  in  a  become 
less  and  less  kaolinized,  until  in  i  the  seams  are  of  pui'e  plagioclase 
feldspar.  In  /  there  an*  two  seams  of  corundum  similar  to  />,  rf,  and  /, 
although  in  the  fresh  i"ock  the  corundum  seams  are  not  as  pronounced 
as  in  the  saprolitic  rock.  There  is  often  a  considerable  amount  of 
feldspar  bordering  the  seams  of  the  corundum.  The  general  trend  of 
the  rock  is  about  N.  5"  to  10°  K. 

From  what  could  be  seen  of  the  solid  and  the  saprolitic  rooks,  it  is 
evident  that  the  corundum  occurs  at  intervals  in  the  rock  in  seams  a 
few  feet  in  width.  While  the  corundum  may  comprise  10  per  cent 
or  more  of  these  veins,  the  amount  in  the  rock  that  it  would  be  neces- 
sary to  mine  would  probably  not  Ik»  over  a  few  per  cent.  The  actual 
width  of  the  dike  is  not  known,  but  the  saprolitic  rock  Ims  been  cut 
across  for  about  100  feet  in  a  direction  nearly  at  right  angles  to  its 
strike. 

The  fresh  rock  at  the  bottom  of  the  shaft  is  somewliat.  varied  in 
appearance,  and  while  it  does  not  show  any  definite  giieissoid  struc- 
ture, it  sometimes- closidy  resembles  it.  There  are  streaks  in  the  rock 
a  few  inches  thick,  the  more  finely  divided  porticms  of  which  are  dis- 
tinctly gneissoid. 

Some  jwrtions  of  the  rock  are  decidedly  porphyritic,  and  contain 
phenocrysts  of  a  light-gray  amphibole,  a  centimeter  in  diameter,  in  a 
ground  mass  of  feldspar.  A  large  part  of  the  rock  is  made  up,  how- 
ever, of  small,  roughly  outlined  prismatic  crystals  of  an  amphibole, 
probably  hornblende,  and  irregular  fragments  of  plagioclase  feldspar. 
The  hornblende  is  almost  black  in  color,  but  in  thin  splintei's  it  hjis  a 
bronze  luster  and  a  deep  resinous  color.  Biotite  of  a  deep-brown  color 
occurs  sparingly,  and  a  pink  garnet  is  rather  abundant .  This  part  of 
the  rock  has  a  gneissoid  structure  and  contains  the  corundum.  The 
corundum  is  of  a  light  to  a  purplish-pink  color  and  occnirs  in  nodules 
up  to  2  or  3  cm.  in  diameter.  Some  streaks  in  the  rock  are  highly 
garnetiferous,  composed  essentially  of  the  garnet  and  plagioclase 
feldspar  or  of  garnet  and  biotite.  Chalcopyrite  occurs  very  spar- 
ingly in  these  portions  of  the  rock.  Small  particles  of  graphite  have 
been  observed  in  the  coarsely  crystallized  portions. 

Professor  Pirsson  has  kindly  made  a  microscopical  examiimtion  of 
this  rock,  the  results  of  which  are  embodied  in  the  following  para- 
graphs: 

In  thin  section  the  microscope  disclosed  the  minerals  hornblende,  plagioclase 
feldspar,  garnet,  biotite,  moscovite,  stanrolite,  and  rntile.  Hornblende  is  the  most 
common,  forming  about  two-fifths  of  the  section,  while  of  the  remainder  plagio- 
clase and  garnet  occur  in  about  equal  quantities  and  the  others  in  comparatively 
insignificant  amounts. 

The  hornblende  is  formless,  but  tends  to  irregular  columns,  almost  invariably 
extended  in  the  plane  of  schistosity.  It  has  very  rarely  a  somewhat  stringy  tend- 
ency in  its  cleavage,  but  is  usually  homogeneous  in  broad  plates.  Its  color  is  a 
clear  olive  brown,  and  it  is  somewhat  pleochroic,  but  not  strongly  so.    It  is  every- 
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where  dotted  by  the  small  grains  of  garnet,  which  rarely  show  good  crystal  form. 
The  garnet  occnrs  associated  also  with  the  plagioclase. 

The  plagioclase  occurs  twinned  according  to  the  albite  law  only.  In  sections 
perpendicular  to  010  the  lamellse  show  extinction  as  great  as  30  ,  and  the  plagio- 
clase is  therefore  rich  in  lime  and  as  basic  as  labradorite,  which  it  probably  is. 
It  shows  strong  evidence  of  shearing  movement  in  the  rock;  it  is  often  broken, 
exhibits  rolling  extinction,  and  the  albite  lamellte  are  curved  and  bent.  It  runs 
along  the  planes  of  schistosity  between  the  feldspars  and  forms  a  mosaic  of 
angular  broken  grains. 

Staurolite  was  found  in  rather  broad,  irregular  grains,  and  rutile  in  small, 
irregular  grains  and  well- crystallized  prisms. 

Professor  Pirsson  has  indicated  that  the  character  aiul  structure  of 
this  rock,  composed  chiefly  of  amphibole,  labradorite,  and  garnet, 
suggest  most  strongly  that  it  is  a  metamorphosed  igneous  rock  of  the 
gabbroid  family.  During  metamorphism  the  augite  of  the  gabbro 
would  bi»  converted  into  the  brown  hornblende;  any  iron  ore  that  was 
present  would  be  taken  up  by  the  hornblendi*  and  garnet.  The 
rutile  would  have  resulted  from  the  titanic  acid  tliat  is  a  regular  com- 
I)onent  of  the  iron  ores  in  these  gabbro  or  diabase  rocks.  Staurolite 
is  a  mineral  that  would  be  rather  naturally  expected,  as  it  is  usually 
a  mineral  of  metamorphism,  and  its  natural  home  is  in  tlie  scliistose 
rocks.  The  feldspar  has  suffered  the  least  (except  the  corundum) 
chemically,  and  shows  only  the  shearing  of  dynamic  processes. 

The  corundum  does  not  occur  in  crystals,  but  in  small  fragments 
and  in  elongated  nodules,  which  are  cracked  and  seamed  and  appear 
to  have  been  drawn  out  by  the  shearing  processes.  The  general 
character  and  shape  of  the  fragments  of  corundum  would  indicate 
that  they  were  original  constituents  of  the  igneous  rock  and  were  not 
formed  during  its  metamorphism. 

The  exact  classification  of  this  rock  is  not  easy,  but  it  is  probably 
an  amphibole-schist. 

CORUNDUM    IN    GNEISS. 

Corundum  has  been  found  in  North  Carolina  in  the  ordinary  gneiss 
of  the  same  belt  of  crystalline  rocks  in  which  the  i^eridotites  occur. 
A  number  of  occurrences,  part  of  which  may  be  corundum  in  gneiss, 
are  described  under  the  head  of  mica-schist;  some  of  the  rock  that 
was  at  first  thought  to  be  a  gneiss  is  now  known  to  be  a  (luartz-schist. 

In  the  eastern  part  of  Clay  County,  N.  C,  on  the  southern  slope  of 
Gross  Ridge  of  the  Chunky  Gal  Mountains,  just  above  Thumping 
Creek,  corundum  has  been  found  in  the  gneiss  at  a  number  of  points. 
The  rocks  are  so  covered  with  soil  and  decomposed  rock  that  the 
exact  relation  of  the  corundum-tearing  gneiss  to  the  nonnal  gneiss 
can  not  be  determined,  but  from  what  can  be  seen  tlie  formi^r  appears 
to  lie  in  narrow  bands  cutting  through  the  latter.  In  structure  the 
gneiss  is  distinctly  laminated  and  very  fine  grained,  except  the  por- 
tions immediately  surrounding  the  corundum,  where  its  constituents 
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are  much  more  coarsely  crystallized,  especially  the  biotite.  It  is  a 
hornblende-gneiss,  showing  but  little  mica  except  where  associated 
with  the  corundum. 

The  corundum  occurs  in  nodules  and  crystals,  half  an  inch  and 
smaller  in  diameter,  sometimes  wrapped  with  muscovite  in  a  manner 
similar  to  that  described  for  the  corundum  in  the  chlorite-schists 
(p.  21).  The  crystals  are  prismatic,  with  the  length  of  the  prism 
usually  two  or  three  times  its  diameter.  Occasionally  they  are  very 
flat,  with  the  j^rism  not  over  a  quai*ter  of  an  inch  in  length  and  half 
an  inch  in  diameter,  and  from  their  appearance  these  crystals  are 
known  locally  as  "button"  corundum. 

This  occurrence  of  corundum  in  gneiss  is  in  no  way  associated  with 
the  peridotite  rocks  of  this  section  of  the  country.  It  is,  however, 
very  similar  to  the  occurrence  of  corundum  in  quartz-schist  described 
below.  None  of  the  peridotite  rocks  in  which  the  corundum  is  so 
commonly  found  in  this  section  of  North  Carolina  have  been  found 
associated  with  these  bands  of  gneiss. 

CORUNDUM    IN    MICA-SCHIST. 

It  has  recently  been  observed  that  jmrtions  or  bands  of  tlie  crystal- 
line rocks  of  the  southwestern  part  of  North  Carolina  and  the  north- 
eastern part  of  Georgia  are  corundum  bearing.  The  composition  of 
these  rocks  varies  from  those  that  are  a  normal  gneiss  to  those  that 
contain  no  feldspar  and  can  best  be  described  as  quartz-schist  com- 
posed of  biotite,  mica,  and  quartz.  Some  portions  of  the  rock  are 
rich  in  garnet,  others  are  almost  entirely  free  from  this  mineral,  and 
occasionally  there  are  also  small  bands  of  white  quartzite.  The  rocks 
are  distinctly  laminated  and  are  frequently  intersetited  by  granitic 
dikes,  some  of  which  are  coarsely  crystalli/xHl  and  of  a  pegmatitic 
character.  These  dikes  are  often  parallel  with  the  bedding  of  the 
schists,  although  many  of  them  cut  irregularly  through  them.  Where 
these  dikes  are  parallel  to  tlie  bedding  of  the  schists,  the  laminated 
structure  of  the  latter  is  much  mon^  apparent.  The  general  strike  of 
these  crystalline  rocks  is  about  northeast  to  southwest  and  the  dip  is 
about  30"  NW. 

Portions  or  bands  of  these  schists  are  corundum  bearing,  but  they 
are  irregularly  defined  and  gradually  merge  into  the  normal  rock. 
They  have  a  similar  relation  to  tlie  normal  schists  as  the  garnet-bearing 
bands  of  a  gneiss  to  the  normal  gneiss  in  which  they  occur.  These 
bands  are  not  veins  in  any  sense  of  the  word,  but  are  simply  por- 
tions of  the  same  mass  of  crystalline  rocks  in  which  corundum  occurs 
as  a  constituent  of  the  rock.  They  vary  in  width  from  a  foot  or 
two  to  12  or  15  feet,  but  in  these  wider  ones  the  corundum-bearing 
portion  is  not  continuous  and  is  intercepted  by  streaks  of  barren  rock 
and  granitic  dikes.  The  bands  can  be  traced  for  a  distance  of  5  or 
6  miles  in   a  northeast-southwest  direction,  sometimes  outcropping 
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continuously  for  nearly  a  mile.  There  are  at  least  two  of  these  corun- 
dum-bearing bands  which  are  parallel  to  each  other  and  about  2  miles 
apart.  The  only  variation  that  has  been  observed  in  them  is  in  the 
percentage  of  corundum  and  garnet;  otherwise  they  are  identical. 
The  amount  of  corundum  is  never  large,  and  from  determinations 
made  on  samples  from  various  parts  of  the  deposits  it  will  not  average 
over  4  or  5  per  cent. 

The  corundum  occurs  for  the  most  part  in  snmll  i)articles  and  frag- 
ment's that  have  no  regular  shape  and  are  of  a  gray,  white,  and 
bluish-white  color  or  almost  colorless.  It  is  also  in  crystals  which 
vary  in  size  from  some  that  are  veiy  minute  to  some  that  are  2^  inches 
long  and  about  one-half  inch  in  diameter,  and  which  are  usually  fairly 
well  developed  in  the  prism  zone. 

It  is  x)robable  that  these  schists  are  the  result  of  the  metainorphism 
of  sandstones  and  shales  formed  from  alluvial  deposits  many  thou- 
sand feet  in  thickness  that  were  once  the  bed  of  the*  ocean.  By  lat- 
eral compression  these  have  been  folded  and  raised  into  the  mountain 
ranges  of  this  region.  That  these  have  been  mu(*h  higher  than  at 
the  present  time  is  very  evident  from  tlie  granitic  dikes,  which  are  of 
deep-seated  origin.  By  decomposition  and  erosion  the  mountains 
have  been  worn  down  to  their  present  condition,  thus  exposing  the 
schists  in  contact  with  the  granitic  dikes  which  have  aided  in  their 
thorough  metamorphism.  The  shales  were  rich  in  alumina,  and  dur- 
ing their  metamorphism  the  excess  of  the  alumina  crystallized  as 
corundum  along  the  planes  of  lamination,  so  that  during  the  subse- 
quent weathering  the  corundum  has  Ix^en  left  in  knotty  nodules,  stud- 
ding the  surface  of  the  rock  and  giving  it  the  appi^iirance  of  containing 
a  high  i)ercentage  of  the  mineral. 

Genth^  has  described  an  occurrence  of  corundum  in  l*atrick  County, 
Va.,  alK)ut  2  miles  from  Stuart,  where  it  has  been  found  in  the  mica- 
schists  on  a  knob  of  Bull  Mountain.  These  schists  are  talcoscj  and 
chloritic  in  character  and  are  intersected  by  a  number  of  granitic 
dikes.  The  portions  of  the  schists  in  which  the  corundum  occurs  are 
gneissoid  in  character.  This  occurrence  is  decidedly  different  from 
that  in  Clay  County,  N.  C,  and  more  like  the  corundum-bearing 
schists  near  the  headwaters  of  Caney  Fork  of  Tuckasegee  River,  in 
Jackscm  County.  The  schists  are  in  rather  luirrow  bands  that  can 
be  followed  for  some  distance  across  the  county.  They  are  not  true 
chlorite-schists  like  those  described  on  page  21,  but  are  made  up 
largely  of  an  elastic  mica  (probably  muscovite)  with  some  chlorite. 
The  corundum  occurs  in  rough  crystals  and  nodules  up  to  1  inch  in 
length  and  half  an  inch  in  diameter,  of  a  grayish-white  to  white  color 
and  colorless.  It  is  readily  cleaned,  and  tests  made  upon  the  cleaned 
product  show  that  it  is  well  adapted  for  the  manufacture  of  the  vitri- 
fied wheel. 


'  Am.  Jour.  8d.,  3d  series.  Vol.  XXXIX,  1880,  p.  47. 
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CORUNDUM  IN  LIMESTONES 

Kxtondin^  from  l^yram,  Sussex  County,  N.  J.,  to  Warwick  Town- 
ship, Now  York,  a  distance  of  alK)nt  25  miles,  there  is  a  belt  of  lime- 
stone having  a  general  northeast-southwest  strike,  which  widens 
out  toward  its  northern  end.  About  1828  a  si^ecimen  of  sapphire 
corundum  wjws  found  at  Franklin  Furnace  in  a  detached  piece  of 
rock  composiHl  essentially  of  feldspar,  and  although  search  was  made 
no  moit>  s^>eciniens  wei^e  found  in  this  vicinity.  A  few  years  later 
s^ipphiro  corundum  was  found  in  Newton  Township,  about  6  miles 
from  Franklin  Furnai»e,  emlKHldinl  in  a  feldspar  and  partly  surrounded 
by  a  carbonate.  This  occurs  near  the  cont4R*t  of  the  limestone  with 
the  granitic  rt>ck8  of  this  section,  and  it  is  very  evidently  the  result 
of  cont4U*t  metamorphism.  Dana  reports  the  occurrence  of  sapphire 
iHirundum  in  these  limestones  near  Newton  and*  Vernon,  Sussex 
CV»unty,  N.  J.,  and  near  Amity,  Oninge  County,  and  Crugers  Station, 
Westc^hestcr  County,  N.  Y. 

l*rof.  \V.  P.  Blake ^  has  de8cril)eil  the  iK*currence  of  red  sapphire 
corundum  in  the  white  crystalline  limestones  in  Vernon  Township, 
Sussex  County,  N.  J.  The  finest  si>ei»imens  were  ruby  red  in  color 
and  the  others  were  of  various  shades  of  purple.  The  crystals  were 
translucent,  but  no  trans|>arent  ones  were  obser\'ed.  They  were 
emlxHldeil  in  the  limestone  and  it  is  not  improbable  that  crystals 
may  iKVur  in  the  similar  nK*ks  of  the  adjoining  cininties  of  New  York. 

The  New  .lers^\v  iKH^urn^ni'es  seem  to  Ik*  well  authenticated,  but 
those  fn>m  New  York  are  not.  In  the  report  of  the  New  York  State 
Mustnim  for  18*J5  on  the  minenil  resi>urces  of  the  State  there  is  no 
mention  of  the  invurnMu^e  of  ct^rundum  at  this  locality,  and  in  the 
reiH>rt  for  18l>8  it  isstattnl  that  no  sapphin*  i'orundum  is  found  in  the 
State. 

CORUNDUM  IN  CYANITE- 

The  iHH*umMn*es  of  iH>rundum  asj^iH'iateil  with  cyanite  are  quite 
widespread,  and  at  times  there  are  larg^*  masst^s  of  cyanite  in  which 
are  numen>us  hexagi>nal  crystals  of  ii>runduni.  At  Litchfield^  Conn.,* 
a  mass  of  cyanite  iHmtaining crystals  of  a  ilark,  grayish-blue  ci)rundnm, 
which  was  said  to  have  weighe*!  l,oiX>  (Hmuds.  was  found.  Large 
masses  of  cyanite  have  U»en  found  at  various  }H>ints  in  North  Caro- 
lina in  which  ther\*  wen^  well-ilevelo|KHl  crystals  of  i*orundum. 

All  the  iHVurrvnivs  that  have  Ihh^u  notetl  have  U»en  fn>m  surface 
specimens,  ami  the  nvks  in  the  vicinity  have  alwax^s  lieen  either  schisas 
or  gneiss^*Sv  It  is  without  douln  in  inmnei'tion  with  these  rucks  that 
the  cyanite  ami  ivrundum  originate^l.  I  do  not  l^lie\"e  that  the  cyan- 
ite is  usually  an  alteration  pnxluct  of  the  i*\>runduuu  as  has  been  sug- 

'  Aar  Jottr  S^-t..  l-rt  nerwv  Voi  XXI.  IS21  jv  «». 
« tvi-em,  :M  «>rt«k  V^n.  Xlll   !>52.  ^v  ll»JL 
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gested  by  Genth/  but  that  they  were  both  formed  during  the  meta- 
morphism  of  the  rocks  from  which  the  schists  and  gneisses  have  been 
derived. 

SUMMARY  OF  CORUNDUM  OCCURRENCES. 

From  the  facts  presented  in  the  preceding  pages,  tlie  occurrences 
of  corundum  are  seen  to  be  of  much  greater  variety  than  was 
formerly  supposed.  While  the  large  concentrated  masses  are  still 
confined  to  the  basic  magnesian  rocks,  corundum  is  scattered  in  small 
amounts  through  a  number  of  other  rocks,  and  in  the  aggregate  is  in 
very  large  quantity. 

Of  the  igneous  magmas  there  are  two  that  are  very  distinct  from  each 
other  and  that  can  be  designated  as  the  lime-magnesia  and  the  alka- 
line series.  In  the  first  the  mineral  components  of  the  rock  are  free 
from  alumina,  and  where  there  has  been  alumina  in  solution  in  the 
molten  magma  it  has  all  separated  out  either  as  corundum  or  spinel. 
In  the  second  series,  however,  it  is  only  the  excess  of  alumina  that 
has  separated  out  as  corundum,  by  far  the  larger  p^^rcentage  having 
united  with  the  alkaline  oxides  to  form  a  feldspar.  In  all  the  occur- 
rences that  have  been  examined  this  phenomenon  has  been  constant. 

It  is  very  evident  that  there  are  magmas  that  contain  an  excess  of 
alumina  just  as  there  are  magmas  with  an  excesss  of  silica,  and  it  is 
evident  that  the  alumina  separates  out  as  corundum  in  the  same  man- 
ner that  silica  separates  as  quartz  in  granitic  rocks. 

DISTRIBUTION  OF  CORUNDUM. 

Most  of  the  corundum  that  has  been  mined  for  abrasive  purposes 
has  been  obtained  from  the  eastern  part  of  th(»  United  States,  and  has 
been  found  associated  with  the  long  belt  of  basic  magnesian  rocks 
extending  from  Massachusetts  to  Alabama.  It  is  in  the  southern  por- 
tion of  this  belt,  in  North  Carolina  and  Georgia,  that  these  rocks  have 
their  greatest  extent,  and  it  is  in  this  region  that  the  greatest  quantity 
of  corundum  has  been  found.  During  the  past  few  years,  however. 
North  Carolina  is  the  only  State  that  has  produced  any  corundum  and 
Massachusetts  and  New  York  the  only  ones  that  have  produced  any 
emery. 

While  the  production  of  corundum  has  been  limit(Hl  almost  entirely 
to  one  locality  in  North  Carolina,  it  is  not  because  this  is  the  only 
known  deposit  of  this  mineral  in  quantity,  but  Ix^cause  the  better 
deposits  have  not  been  worked.  The  emery  deposit  that  has  proved 
of  the  most  economic  importance,  and  which  has  produced  practicallj'^ 
all  the  emery  mined  in  the  United  States,  is  at  Chester,  Mass.  The 
amount  of  corundum  that  has  been  mined  during  the  past  year  is 
very  much  less  than  the  amount  of  emery,  although  its  market  value 
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is  twice  that  of  the  emery  and  there  is  a  large  demand  for  a  well- 
cleaned  commercial  product.  Thei*e  ai'e  a  number  of  reasons  for  this 
condition :  the  better  deposits  have  l>een  so  controlled  and  tied  up 
that  they  could  not  be  worked,  an  imperfectly  cleaned  product  has 
been  put  on  the  market,  and  other  minerals  have  been  substituted  for 
this  one. 

It  is  still  too  soon  to  predict  to  what  extent  recent  discoveries 
of  corundum  in  Canada  and  India  will  add  to  its  production.  Some 
of  the  Canadian  deposits  in  Ontario  were  granted  by  the  government 
to  the  Canada  Corundum  Company,  Limited,  of  Toronto,  and  this 
company  began  extensive  oiK>nitions  on  the  deposits  at  the  l)eginning 
of  190().  This  corundum,  which  occurs  in  a  syenite  similar  to  that 
described  on  page  30,  has  been  thoroughly  ticsted  and  has  given  fairly 
satisfactory  results.  The  reports  of  the  bureau  of  mines  at  Toronto 
show  that  this  ore  carries  14.7  per  cent  of  corundum  and  that  a  very 
clean  pnxluct  is  obtained.  If  the  ore  from  this  extensive  Canadian 
bed  continues  U)  carry  so  large  a  percent^ige  of  the  mineral,  can  be 
readily  cleaned,  and  shows  good  abrasive  qualities,  this  deposit  should 
play  an  important  part  in  the  world's  production  of  corundum  (see 
page  88). 

The  India  corundum  occurs  at  Pipra,  South  Rewah.  It  is  pink  in 
color,  with  a  fine-grained  massive  structure,  and  very  tough.  It  is 
reported  that  there  is  an  unlimited  supply  of  this  material,  and  it 
has  already  Ix^en  used  in  this  country  in  the  manufacture  of  cei-tain 
oilstones  (see  page  89). 

In  the  following  (h^scriptions  of  localities  those  that  contain  sap- 
phires are  first  taki^n  up,  then  the  corundum,  and  last  the  emery. 

SAPPHIRE    OR    CORUNDUM    GEMS. 

The  properties  of  a  mineral  that  det<»rmine  its  rank  as  a  gem  are 
hardness,  color,  rarity,  index  of  ref taction,  and  luster.  As  an  illustra- 
tion of  the  extent  to  which  the  hardness  affects  the  value  of  a  min- 
eral for  gem  purposes,  sphalerite  might  be  cited.  This  mineral,  which 
has  an  index  of  refraction  and  a  luster  not  far  l)elow  that  of  the  dia- 
mond, has  a  hardness  of  only  3./)  to  4,  which  effectually  cuts  it  off 
from  being  a  gem  ininenil. 

Corundum  has  properties  that  place  some  of  its  varieties  among 
the  most  valuable  gems.  With  the  exception  of  the  diamond,  it  is  the 
hardest  mineral  known,  and  the  rarity  and  color  of  the  ruby,  the  red 
corundum,  has  made  that  gem,  when  more  than  a  carat  in  weight, 
more  valuable  than  a  diamond  of  corresponding  weight.  Corundum 
has  lK»en  found  in  almost  all  the  colors  of  the  rainbow,  and  in  the 
following  list  ils  gems  have  l)eeii  classified  according  to  color.  They 
are  very  often  designated  by  the  prefix  "  orient>jil,''  to  distinguish  them 
from  gems  of  the  same  name  whose  mineral  composition  and  character 
are  entirely  different. 
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Sapphire  or  connidum  gema. 

Oriental  or  true  ruby Red  of  various  shades. 

Oriental  sapphire.   Blue  of  various  shades. 

Pink  sapphire ._    Rose  or  pink. 

White  sapphire ■  -  i  ^ 

Diamond  spar... ^  Colortes. 

Opaline _ \ 

Girasol    |- Pale  blue  or  bluish  white. 

Hyaline ) 

Oriental  amethyst Purple. 

Oriental  emerald  .       Green. 

Oriental  topaz ." Yellow. 

Star  sapphire     \ 

Chatoyant    [-  Opalescent. 

Asteria ) 

Tlio  gems  occur  in  the  mines  in  three  forms:  P'irst,  as  crystals,  of 
which  there  are  two  distinct  forms,  (1)  hexagonal  prisms  terminated 
by  rliombohedrons  and  pyramids,  sometimes  with  basal  plane,  the 
larger  <*rystals  being  often  rounded  or  bari-el-shaiK'd,  and  (2)  flat, 
tabular  crystals,  when*  the  bjisal  jilanc*  is  very  largely  <l(»velo])ed; 
second,  as  transpirent  colore<l  portions  of  larger  massive  pieces  of 
corundum;  third,  as  nodules  of  finer  and  clearer  nuiterial  in  a  mass 
of  cleavable  corun<lum,  often  having  the  ai)pearance  of  rolled  pebbles 
when  separated  from  the  mass  of  corundum. 

ORIENTAL   RUBY. 

Tlie  most  importiint  of  the  sapphire  gems  is  the  oriental  ruby,  which 
varies  from  rose,  X)inki8h,  dark-red,  and  puri)lisb  to  pigeon-blood 
color,  the  most  highly  prized.  The  rubies  are  very  likel}^  to  be  flawed, 
and  when  examined  many  of  the  cut  stones  are  found  to  contain  flaws 
of  one  character  or  another.  The  stones  are  often  so  cut  that  these 
flaws  are  distinguishable  only  by  the  aid  of  a  magnifying  glass. 

The  finest  rubies  of  pigeon-blood  color  are  thos*"  found  in  the  Mogok 
district,  about  1)0  miles  north-northeast  of  Mandalay,  in  upj^r  Burma. 
Small  but  fine  rubies,  often,  however,  of  a  pink  color  or  a  purplish  tint, 
are  found  at  Ratnapoora,  in  Ceylon,  an<l  of  a  dark-red  color,  similar  to 
that  of  a  garnet,  in  Siam.  The  rifbi<»s  of  the  Bunna  district  are  found 
in  situ  in  limestones,  but  the  mining  is  confined  almost  entirely  to  the 
gravels. 

At  the  Corundum  Hill  mine,  Cullasagee,  N.  C.  (see  description, 
page  55),  various  shades  of  gem  ruby  corundum  have  been  found. 
Two  of  the  l)est  rubies  of  good  color  that  have  ever  been  found  at 
this  mine  are  in  the  collection  of  Clarencfc  S.  l^ement,  of  Philadel- 
phia; there  are  also  a  number  of  fine  ones  in  the  United  States 
National  Museum  at  Washington.  Many  of  the  smaller  crystals  of 
various  shades  of  pink  to  red  are  transi)arent  near  the  outer  surface 
and  near  their  extremities,  and  from  these  small  gems  can  b^  e,w\>^\^\v\> 


40  CORUNDUM    IN   THE    UNITED    STATES.  [bum.  I«l. 

few  that  arc  worth  $1(H)  liavo  bc^eii  obtained  from  tliom.  These  smaller 
crystals  are  usually  well  developed  an<l  have  a  (tU^aii-<nit  form.  The 
faees  eoiiunoiily  developed  on  these  an}  the  base,  c,  (XK)1;  the  unit 
prism,  m,  loIO;  the  unit  rhombohedron,  r,  lOll,  and  the  pyramid,  n, 
2l*43,  more  raix»ly  observed. 

The  North  Caiiilina  lix'ality  for  corundum  gems  which  at  the  pres- 
ent time  is  attracting  the  most  attention  is  the  trac^t  of  land  between 
the  Caler  Fork  of  Co  wee  Creek  and  Mason  Branch,  tributaries  of  the 
Little  Tennessee  River.  ^  This  tract  is  situated  in  Macon  County, 
almost  0  miles  l)elow  (north  of)  the  town  of  Franklin.  Tlie  nearest 
railroad  station  is  Dillsboro,  Jackson  C'ounty,  on  tlu^  Southern  Rail- 
way, alK>ut  12  miles  to  the  east.  The  bottom  of  the  valleys  are  about 
2,50()  feet  above  sea  level,  and  the  mountain  peaks  or  knobs  in  the 
immediate  vicinity  rise  to  a  height  of  .3,000  or  3,5(X)  feet. 

In  the  gravels  of  Caler  Fork  Valley  pieces  of  crystals  of  re<l  corun- 
dum were  picked  up  by  the  iwople  of  the  district,  which  led  to  the 
driving  of  two  or  thrive  tunnels  with  the  expectation  of  striking  the 
vein  and  finding  the  corundum  in  sufficient  <iuantity  for  commercial 
purx)oses.  Work  in  this  directicm  was  soon  abandoned,  and  for  a 
number  of  years  there  were  only  prospecting  and  a  little  mining  for 
the  red  corundum  for  gem  purposes. 

Systematic  sear(»h  was  mad(%  which  r<*vealed  tlu^  fact  that  raby 
corundum  was  to  be  found  in  the  gravels  of  Caler  Fork  Valley  for  a 
distance  of  3  miles.  In  ISOo  the  American  ProsiKK'ting  and  Mining 
Comi)any,  of  New  Yorlv,  lx)Ught  out  the  old  claims  and  began  work  on 
a  systematic  basis.  The  proiK^rty  own(Kl  by  the  company, is  a  large 
tract  on  l^)th  si<h»s  of  Cal<*r  Fork  of  Cowee  Cre(»k  anil  nearl}'  all  the 
land  in  the  northern  part  of  the  watershed  of  Mason  Hnuich,  a  total 
area  of  al)out  5, (MM)  acri^s. 

The  gravels  in  whi<*h  most  of  the  rubies  have  Ix^c^n  found  are  cov- 
ered by  soil  av(M-aging  about  2  feet  in  dejjth,  but  varying  from  1  to  5, 
and  they  ai^*  about  :{  f(M»t  higher  than  tin*  i)resent  alluvial  gravel  of 
the  stream.  PI.  II,  .1,  is  a  view  of  one  of  the  gravel  beds  that  is 
being  worke<l  for  rubies,  just  west  of  the  company's  office.  The 
gravel  in  this  j)art  of  tho  valley,  which  is  overlain  with  li  to  5  feet  of 
soil,  is  compose<l  of  wat<»rworn  masses  of  <iuartz  and  small  i>ebbles  of 
gneiss  and  quai-tz,  and  is  mu<*h  <*Ieaner  in  appi^araniv  t  han  the  gravels 
a  mih'  farther  up  the  cnn^k,  at  In  Situ  Hill,  wh(»re  most  of  the  mining 
was  carried  on  during  1808.  Fifty  feet  above  the  h»vel  of  this  gravel 
another  ImmI  was  discovercnl  at  In  Situ  Hill  which  carried  ruby 
corundum. 

In  washing  these  gravels  for  the  rubies,  hydraulic  processes  have 
been  used  very  simihir  to  those  used  in  the  West  in  wasliing  gold- 
bearing  gravels.  All  the  soil,  as  well  as  the  gravt^l,  is  washed  into  a 
short  line  of  sluic(»  boxes  (a  of  PI.  II,  B)  which  lead  into  a  large  sieve 
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box  (6  of  PI.  n,  B)y  where  the  large  pieces  of  roek  and  bowlders  are 
removeil  and  most  of  the  dirt  and  fine  gravel  is  washed  out.  They 
are  then  shoveled  into  a  rocker  {c  of  PL  II,  B),  whei*e  they  are  further 
cleaned  and  concentrated,  the  final  concentration  of  the  rubies  being 
done  by  hand. 

No  basic  magnesian  rocks  or  serpentine  derived  from  them,  in  which 
most  of  the  corundum  of  North  Carolina  occurs,  have  been  found  in 
this  valley.  Corundum  Hill  and  the  Ellijay  corundum  region  are, 
however,  less  than  10  miles  to  the  south.  . 

Although,  in  many  respects,  the  oc*currencx3  of  the  rubies  an<l  their 
as.sociate  minerals  in  the  Co  wee  Valley  is  similar  to  the  occurrence  of 
the  ruby  in  Burma,  no  limestone  has  been  found  near  the  alluvial 
deposits,  the  nearest  point  at  which  limestone  has  been  found  being 
at  Cullowee  Gap,  about  8  miles  to  the  southeast. 

The  country  rock  of  the  district  is  a  gneiss,  of  a  gray,  fine-grained 
variety,  which  has  a  great  many  small  garnets  dissemiiiate<l  through 
it.  The  rock  for  the  most  part  is  in  a  highly  decomi)osed  condition, 
but  there  are  small  exjwsures  of  the  undecomposed  rock  in  many 
places.  The  gravels  in  which  the  rubies  ai-e  found  rest  on  a  soft  rock 
kno\ni  as  saprolite,  which  is  the  result  of  weathering  of  the  basic 
silicate  rocks  in  place.  By  means  of  shafts  and  the  workings  at  the 
gravel  washings  it  has  l)een  shown  that  at  a  depth  of  115  f(*et  or  more 
these  saprolitic  rocks  contain  fragments  of  the  undecompos<xl  rock 
and  pass  into  such  rocks  as  edogite-amphibolite  and  a  hornblendic 
gneiss. 

A  narrow  dike  of  liornblendic  eclogite  a  few  feet  in  width  is 
expos<.»d  near  the  present  workings  of  the  company  and  can  be  traced 
for  about  100  yards. 

No  rubies  have  been  found  in  the  undecomposed  rock,  but  at  In 
Situ  Hill  small  rubies  of  a  rather  pale  color  were  found  in  a  nari-ow 
band  of  saprolitic  rock.  This  band  was,  however,  cut  off  ])y  slick- 
enslides  so  that  it  could  not  be  followed  in  any  direction.  There 
arc*  four  parallel  slickenslides  that  hav<^  l)een  exi)osed  at  one  place  in 
the  workings,  the  general  direction  of  the  slides  being  N.  75"^  K.  Some 
of  these  are  70  feet  in  length  and  of  unknown  depth.  It  is  very  evi- 
dent that  there  has  been  a  great  deal  of  disturbance  in  this  immediat<^ 
vicinity  through  the  breaking  of  the  rock  masses  by  faulting,  the 
ready  influx  of  water  having  caused  the  reduction  of  the  rocks  to 
their  saprolitic  condition. 

In  washing  the  gravels  and  masses  of  saprolite,  masses  of  unde- 
composed rock  have  been  uncovennl,  and  in  the  cent4>r  of  these 
nodule^s  of  the  pure  hornblende  rock  have  been  found.  The  saprolite 
bordering  these  nodules  often  contains  particles  and  crystals  of 
corundum. 

IjCSS  than  2  miles  to  the  east  of  In  Situ  Hill,  beyond  Betts  Gap  of 
the  Cowee  Mountains,  corundum  of  a  gray  to  bluish  color,  b\it  Ivi^ViV^ 
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crystallized,  has  been  found  in  hornblende-gneiss.  One  mile  a  little 
north  of  west,  at  the  Sheffield  mine,  pink  corundum  has  been  found 
in  amphibole-schist  (see  pages  31  and  58). 

An  association  of  corundum  peculiar  to  this  locality  is  with  the 
garnet,  rhodolite.  Corundum  and  garnet  occur  not  only  constantly 
togetlier  in  the  saprolitic  material  and  in  the  gravels,  but  corun<lum 
crystals  have  l)een  found  that  bear  the  impressicm  of  the  garnet.  By 
means  of  wax  a  mold  was  taken  of  tlK^se  impressions,  and  they  were 
shown  1^)  be  eitlier  tlio  dcxlecahedron  or  trapezohedron.  Then  again 
some  of  the  ruby  crystals  when  broken  are  seen  to  have  a  garnet 
inclose<l,  and  the  garni^t  can  oftrcn  be  seen  in  tlie  transparent  ruby 
crystal  and  the  cut  gem. 

As  has  l)een  said,  tliere  is  no  limestone  in  this  immediate  vicinity, 
and  these  rubies  were  i)robably  derived  from  an  amphibolile  or  eclo- 
gite.  The  usual  flat  tabular  form  of  the  crystals  is  one  that  seems 
to  be  charac^teristic  of  the  gem  corundum  when  found  in  igneous  rock. 

The  C'Owee  (/reek  rubies  fi'e<iuently  contain  inclusions,  some  of 
which  are  very  minut<^,  known  to  jewelers  as  "silk,"  and  thesi^  give 
rise  to  a  cloudiness  or  sheen  in  the  polished  g<Mn.  Rutile  and  menac- 
canite  often  occur  in  the  rubies  and  greatly  mar  their  l)eauty  and  value. 
Some  gems  that  were  3  or  4  carats  in  weight  have  been  cut,  which 
were  fre(»  from  inclusions,  of  fine  color,  and  transparent.  A  gi-eat 
many  smaller  ones  have  b(H>n  cut  that  are  perfect  gems.  In  color  and 
brillianc}^  tliese  gems  are  ecjual  to  the  Burma  ruby,  and  if  the  per- 
centage of  the  un flawed  transparent,  material  increases  but  little  this 
new  ftehl  will  Ix*  a  worthy  rival  to  the  Burma  field. 

A  consideral)le  percentage  of  the  transparent,  material  is  often  very 
badly  flawed  by  tracks  due  to  parting,  an<l  by  the  iiuilusions  of  rutile 
or  nienaccanite,  so  that  the  jH^rcentage  of  perfect,  stone  from  this 
mine  is  small.  This,  however,  is  true  of  tin*  rubies  from  the  Burma 
field,  for  a  larg<i  proport  ion  of  the  rubies  on  the  market  to-da}'  are 
usually  more  or  less  flawed  with  the  parting  cracks. 

The  pl(»ochroism  exhibited  by  the  Cowee  rubies  is  very  marked,  some 
of  them  being  a  very  rich  pigeon-blood  red  in  the  direction  of  the  ver- 
tical axis — that  is,  looking  down  upon  the  basal  plane — and  changing 
to  an  almost  pinkish-whiU^  color  when  viewed  at  right  angles  to  this 
or  looking  through  the  prism.  The  pleochroism  which  nearly  all  the 
deep-colored  varieties  of  corundum  gems  exhibit  is  one  of  the  means 
of  identifying  a  corundum  gem;  this  often  interferes  with  the  cutting. 

The  ruby  crystals '  from  the  Cowee  Valley  show  a  very  wide  varia- 
tion in  their  development.  Although  many  of  the  crystals  are  so 
striated  that  no  crystallograpiiic  measuremtMits  wei-e  possible  on  the 
reflecting  goniometer,  the  faces  were  readily  identified  by  means  of 
the  contact  goniometer.     ( )n  some  of  the  crystals  the  faces  were  bright 
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and  smooth,  making  them  well  adapted  for  mea«uremeiit  on  the 
reflecting  goniometer.     Thase  crystals  are  shown  on  PL  III. 

In  the  crystals  examined  two  eommcm  habit4^  were  noticed ;  (me  is 
shown  in  figs.  1  and  2  of  PL  III,  and  is  a  combination  of  the  base  c 
(0001)  and  the  unit  rhomlK)hedron  r(lOll);  the  other  is  represented 
by  figs,  'i-i')  of  PL  III,  where  the  prism  a  (1120)  is  very  prominently 
<levelope<L  The  rhoml)ohedral  crj'stals  vary  from  those  in  which  the 
base  an<l  the  rhombohedi-on  are  disproiM)rtionat<^ly  dcvelope<l,  the  base 
having  a  diamet.er  of  12  mm.  ami  the  rhomlM)hodnm  of  only  1.5  mm., 
to  some  (fig.  1  of  PL  III)  in  which  the  base  and  the  rhombohedron 
are  nearer  one  size.  The  majority  of  these  crystals  have,  however, 
the  biise  more  largely  developed,  thus  giving  the  <*ryst^4ls  a  fiat,  tabu- 
lar appearancre.  This  rhombohedral  development  is  very  similar  to 
the  sapphires  from  Yogo  Gulch,  Montana,  described  on  page  52.^ 

On  some  of  the  prismatic  crystals  the  prism  re^iclu^s  a  length  of 
nearly  1/)  mm.  in  the  directicm  of  the  <•  axis,  and  has  the  rhombohedron 
/•  but  slightly  developtnl  (fiir.  .J  of  PL  III),  while  on  others  the  prism 
is  very  short  and  the  rhomlK)hedron  is  somet  im<*s  wanting,  as  repnv 
sent<^d  in  figs.  4  and  5  of  PL  III. 

Anoth(»r  habit  of  these  crysUils  is  shown  in  figs.  7  and  S  of  PL  111, 
wliere  the  pyrami<l  n  (2243)  is  well  developed.  This  fa(?e  was  iden'ti- 
fie<l  by  means  of  the  contact  goniometi^r,  the  measured  angles  approx- 
imating closely  to  those  calculated.  The  usual  form  of  these  cryst-iils 
is  shown  iii  fig.  7  of  VI  III,  where  the  faces  r  (O(K)l),  tt  (1120),  /-(lOll), 
and  n  (2243)  are  nearl}'  equally  develoiK»d.  On  some  of  the*  crystals 
the  prism  is  very  prominent,  being  S  mm.  in  hMigth  in  the  din^ction  of 
the  c  axis,  wiiile  the  pyrami<l  is  only  l.o  mm.;  on  othei*s  the  pyramid 
is  only  very  slightly  develoi)ed.  A  few  crystals  were  examined  which 
showed  only  the  presenile  of  the*  base,  th(»  rhomboh(Mlron,  and  t.lu*  pyra- 
mi<l,  as  repri^sented  in  iig.  8  of  PL  III.  The  crystals,  meiisuring  up 
to  7  mm.  in  diameter,  w(m*c  doubly  t.erminatiHl  and  nearly  perfect  in 
their  development. 

Tlie  crystals  n^presented  by  iig.  7  of  PL  111  are  similar  to  those 
descril)ed  byBau<»r-  fn)m  the  Burma  district,  and  are^  almost  i<lentical 
in  form  with  the  sapphire  crystals  figurcHl  by  me,  from  Emerald  Bar, 
Canyon  Ferry,  Meagher  C'ounty,  Mont.  (p.  50). 

Although  both  the  basal  and  rhombohedron  planes  are  very  often 
striatal,  it  is  only  on  the  basal  planes  that  the  striations  ar*^  sharp  and 
distinct  and  can  be  measured.  The  striations  are  parallel  to  the  three 
interst?ctions  of  the  base  c  and  the  rhonilx)he<lron  /•  as  shown  in  fig.  5 
of  PL  III. 

A  very  common  development  that  was  noti<*ed  on  nearly  all  the  fiat 
rhomlM>hi»<lral  crystals  and  on  many  of  tlie  prismatic  crystals  is  a 
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repeated  growth  on  the  basal  plane  of  the  rhombohedron  r  (lOll)  and 
the  base  c  (0001),  as  represented  in  figfs.  1-G  of  PI.  ni. 

To  illuKtrate  better  the  variation  in  these  growths,  a  series. of 
drawings,  figs.  U-14  of  PI.  Ill,  have  been  made  in  basal  projection. 
In  figs.  9  and  10  of  PL  III,  which  represent  the  more  common  develop- 
ment of  these  repeated  growths,  there  is  but  one  secondary  rhombo- 
hedron and  base,  which  sometimes  has  one  of  its  rhombohedron  faces 
a  continuation  of  one  of  the  rhombohedron  faces  of  the  crystal. 
Figs.  11  and  12  of  PI.  Ill  represent  the  repeated  growths,  the  faces  of 
which  are  separate  and  distinct  from  one  another  and  from  the  faces 
of  the  main  crystal.  In  the  (^ryst^als  representeil  by  fig.  12  of  PI.  Ill, 
the  basal  plane  of  the  crystal  lias  the  appearance  of  being  striated 
with  triangular  markings  when  the  secondary  growths  are  but  slightly 
developed.  In  figs.  13  and  14  of  PL  III  is  represent^ed  a  series  of 
growths  where  a  number  of  the  rhombohedron  faces  coincide. 

Some  of  the  pyramidal  crystals  (figs.  7  and  8  of  PL  III)  also  show 
the  development  of  the  secondary  growth  of  rhombohedron  and  base. 
The  thickness  of  the  rhombohedron  of  the  secondary  growth  varies 
greatly:  some  are  so  thin  that  they  appear  like  striations;  some  are  2 
mm.  in  thickness.  A  few  crystals  were  observed  on  which  there  was 
a  secondary  growth  parallel  to  the  prism  1120.  This  same  style  of 
development  has  been  descrited  by  Bauer  ^  as  occurring  in  the  Burma 
rubies. 

The  sapphire  crystals  from  Montana,  described  on  page  53,  are 
strikingly  similar  in  this  ii^spect  to  the  Cowee  rubies.  Among  the 
most  noticeable  associated  minerals  of  these  Cowee  rubies  is  a  delicate 
rose-colored  garnet  of  great  brillianciy,  to  which  the  name  rhodolite* 
has  been  given.  The  rhodolite  usually  occnirs  in  watorworn  ix^bbles, 
but  it  has  been  found  in  very  small  dodecahedrons,  and  it«  close  con- 
nection with  the  rubies  in  the  small  crystals  of  rhcxlolite  inclosed  by 
the  garnet  has  alremly  been  mentioned. 

The  other  accompanying  minerals  are:  Quartz,  rarely  aspseudomor- 
phous  dodecahedrons;  corundum  ciystals,  of  pale-blue,  amethystine, 
and  pink  shades;  spinel  (pleonaste);  gahnite,  in  octahedral  cr^'^stals; 
chromite  (rare);  riitile;  inenaceanite;  bronzit^e  (transparent) ;  tremo- 
lite;  hornblende;  iolite  (colorless);  cyanite;  fibrolite;  st^urollte  in  per- 
fectly transparent  fragments  of  a  garnet-red  color;  monazite  in  small 
crystals;  zircon,  small,  brilliant  crystals,  and  also  the  variety  cyrto- 
lite;  pyrite;  chalcopyrite ;  pyrrhotite;  sphalerite;  sperrylite  in  minute 
crystals;  and  gold. 

Much  of  the  work  that  has  been  done  in  Cowee  Valley  has  been  in 
the  nature  of  prospecting  to  locate  the  extent  of  the  ruby-bearing 
gravel  and  if  possible  to  locat^e  the  origin  of  the  rubies  themselves. 
No  work  was  done  in  the  valley  during  the  past  year,  but  it  is  stated 
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upon  good  authority  that  work  will  be  begun  again  in  the  coming 
spring. 

At  the  Mincey  mine,  Ellijay  Creek,  ruby  corundum  has  been  found 
from  which  several  small  stones  could  be  cut.  This  occurs  at  the 
same  locality  as  the  bronze  corundum,  described  below. 

Another  locality  that  is  worthy  of  mention,  and  one  that  gives  some 
j)romise  of  making  a  satisfactory  showing  in  course  of  development,  is 
the  so-called  gem  mine  on  the  property  of  Dr.  C.  Grimshawe,  of  Mont- 
vale,  Jackson  County,  N.  C.  Rubies  of  good  color,  from  which  a 
number  of  fine  but  very  small  stones  have  been  cut,  have  been  found 
in  the  gravels  of  the  stream.  Blue  and  yellow  corundum  of  gem 
quality  is  associated  with  the  rubies.  By  following  up  the  gravels  the 
corundum  was  located  in  a  small  vein  in  the  decomposed  i)eridotite. 

At  the  Cullakeenee  mine.  Buck  Creek,  and  near  Elf,  on  Shooting 
Creek,  Clay  County,  N.  C,  masses  of 
emerald  to  grass-green  amphibolite  are 
found,  through  which  are  disseminated 
particles  of  pink  and  ruby  corundum, 
ranging  in  size  from  that  of  a  pea  to 
some  as  large  as  hickory  nuts.  The 
corundum  is  not  of  gem  quality,  but 
the  combination  of  the  green  amphi- 
bolite and  pink  corundum  makes  very 
beautiful  specimens,  and  if  the  rock  is 
hard  enough  to  admit  of  a  good  polish, 
this  occurrence  might  furnish  a  decora- 
tive or  ornamental  stone  of  some  value. 

At  the  Mincey  mine,  on  Ellijay  Creek, 
Macon  County,  and  about  2i  miles 
northeast  of  Corundum  Hill,  there  oc- 
curs a  peculiar  brown  or  bronze  corun- 
dum, known  locally  as  *' pearl  corun- 
dum," which  shows  distinct  asterism,  both  by  natural  and  artificial 
light,  when  the  stone  is  cut  en  cabochon.  In  natural  light  these 
corundums  all  show  a  bronze  luster  and  are  somewhat  similar  to  the 
cat's-eye,  but  in  artificial  light  the  star  is  more  distinct.  Most  of  the 
bronze  corundum  Ls  in  rough  crystals,  but  some  have  been  found  that 
have  the  prismatic  faces  smooth  and  well  developed,  and  these  ai-e 
often  dark,  almost  black,  in  color. 

Asterism  has  been  noticed  in  many  of  the  rubies  and  sapphires  from 
Cowee  Valley  and  in  a  few  of  the  sapphires  from  the  Montana  deposits. 
This  asterism,  according  to  Von  Lasaulx,  is  sometimes  produced  by 
rifts  due  to  the  basal  parting.  These  rifts,  when  examined  with  the 
microscope,  are  seen  to  be  very  thin,  sharp,  and  rectilinear,  and  are 
parallel  to  the  edge  of  the  prism  onto  base . 

In  other  cases  asterism  is  undoubtedly  due  to  the  rutile  ov  ot»\\'^x 


Fio.  7.— Corundum  crystal,  showing  con- 
centric hexagons  on  basal  plane. 
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mineral  that  is  inclosed  in  the  sapphires,  whi<?h  interaect  each  other  at 
angles  of  60°,  and  form  a  **sagenit<>  web"  or  similar  structure. 

On  many  of  the  corundum  crystals,  especially  of  the^pphire  vari- 
ety, concentric  hexagons  were  observed  on  the  basal  i)lane,  as  repre- 
sented in  fig.  7.  The  edges  of  the  hexagon  are  i)arallel  to  the  edges 
of  the  prism  faces  onto  base,  an<l  the  plane  of  the  hexagon  is  parallel 
to  the  base.  In  a  few  of  the  transparent  crystals  this  hexagon  was 
observed  as  a  web  in  tlie  midst  of  the  (crystal,  the  plane  of  theweb 
being  parallel  to  the  basal  plane. 

ORIENTAL  SAPPHIRES. 

The  finest  sapphirt^s  tliat  are  known  are  found  in  Burma  and  Ceylon, 
and  have  the  rich,  deep-blue  color  for  which  the  oriental  stone  is 
noted.  Sapphires  of  a  rich,  vt^lvety  blue  and  some  v<»ry  goofl  stones 
of  a  lightijr  color  have  l)een  obtained  from  Simla  Pass,  in  the  Hima- 
laya Mount^iins.  Siam  luis  also  produced  some  sapphires  of  very 
good  color.  The  sapphire  corundum  from  Australia  is  generally  of 
an  opa<iue,  milky-whit^?*  color. 

NORTH   CAROLINA    SAPPHIRES. 

No  corundum  gems  were  found  in  the  UuiUmI  Stat,i»s  until  the 
oiMMiing  of  th<^  Corundum  Hill  corun<luni  mini^  at  Cullasagee,  Macon 
County,  N.  C'.,  in  1871.  This  corundum  is  mined  for  abrasive  pur- 
poses, but  in  certain  parts  of  the  deposit  crystal  corundum  is 
occasionally  found  lliat  is  of  a  d(^cid(Ml  gem  character,  and,  again, 
manj^  of  the  fragments  of  the  (M)rundum  have  certain  portions  that 
are  transpan^nt.  A  number  of  v(^ry  handsome  <lark-blue  sapphiri'^s 
from  this  mine  are  in  the  United  States  National  Museum,  one  of 
wliich  wiughs  a  carat. ' 

Yellowish  and  bhn*  coloi^s  in  the  same  specimen  are  rather  common, 
and  an^  sometimes  sharply  separated  into  consecutive  bands,  while  in 
other  siKHumens  the  colors  nuM-ge  into  om^  another. 

Sappliire  gems  of  all  the  different  colors  have  lH»en  found  at  Corun- 
dum Hill,  and  1  have  in  my  collection  cut  gems  representing  all  these 
various  coloi-s.     iMany  of  them  an%  how(»ver,  very  snmll. 

During  the  i)ast  ten  years  but  f(»w  gems  liave  been  obtained  from 
til  is  mine,  for  the  reason  that  the  portion  of  the  deposit  from  which 
tliese  crystals  were  formerly  obtained  has  not  been  worked.  In  the 
alluvial  deposits  below  this  portion  of  the  mine  many  handsome 
crystals  can  be  obtaine<l  by  washing  the  gravel. 

The  green  sapphire,  wliich  is  the  oriental  emerald,  is  one  of  the 
rarest  of  gems.  The  Corundum  Hill  mine  is  the  only  place  in  this 
country  at  which  the  emerald-grefMi  sapphire  has  been  found,  and  it 
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occurs  ver>'  sparingly  here,  although  the  yellowish  and  light-green 
colors  are  not  uncommon.  What  is  probably  the  finest  known  speci- 
men of  the  oriental  emerald  in  the  world  came  from  this  mine,  and  is 
now  in  the  Bement  collection.  It  is  a  crystal  4  by  2  by  1J[^  inches;  part 
of  it  is  transparent,  and  several  very  fine  gems  could  be  cut  from  it. 

At  the  Sapphire  an<l  Whitewater  corundum  mines,  near  Sapphire, 
Jackson  County,  N.  C,  fragments  of  sapphire  of  a  fine  blue  color  have 
l>een  found,  from  which  small  but  good  gems  have  been  cut. 

Asvsociated  with  the  gn^en  amphibolite  rock  near  Elf  post-office. 
Clay  County,  N.  C,  deep-blue  sapphires  have  been  sparingly  found. 
These  bear  the  same  relation  to  the  amphibolite  as  the  red  and  pink 
sapphire  described  on  page  45. 

MONTANA   SAPPHIRRS. 

The  only  systinuat.ic  mining  that  has  been  undeHaken  for  sap]>hires 
is  in  Mont^ina.  Sapphir(»s  were  first  found  in  this  Stat<}  by  miners 
who  wen»  washing  the  gravels  of  the  bars  on  the  Missouri  River,  to  the 
east  of  Helena,  for  gold.  These  weiv  first  descrilRMJ  in  1*^73  by  J.  Law- 
rence Smith,^  but  it  was  not  until  1«1)1  that  ju^tual  mining  was  l)4'gun. 
During  that  year  a  number  of  companies  were  organizetl  U>  work  these 
bai-s  for  sapphires. 

Thc^se  bars  are  located  fr<mi  12  to  18  miles  east  and  northeast  of 
Helena,  and  have  l>een  followed  for  a  distance  of  about  12  miles  fnmi 
Canyon  Ferry  down  the  river  to  American  Bar.  At  various  intervals 
these  bai-s  have  been  worked  for  the  sapphires  an<i  are  <lesignat<Ml  by 
the  following  names,  stai-ting  with  the  one  that  is  farthest  up  the 
river:  Emerald  Bar,  Cheyenne  Bar,  French  Bar,  Sj)okane  Bar,  Met- 
roiK)litan  Bar,  Ruby  Bar,  Eldorado  Bar,  Dana  Bar,  and  Americ^in  liar. 
The  location  of  these  bars  is  shown  on  the  map  (PI.  TV"). 

A  few  sai>phii-es  have  Ix^en  foun<l  as  far  <lown  the  river  as  Beartooth, 
but  sapphires  have  not  been  found  in  large  quantity  Ik^Iow  Ameri<'an 
Jiar. 

Above  Emerald  Bar  there  have  been  no  sapphires  found  on  any  of 
the  l>ars,  but  in  the  gravel  of  Magpie  Gulch,  less  than  a  mile  above 
Emerald  Bar  (at  Cany<m  Ferry),  many  sapphires  have  be(^n  found 
by  miners  who  were  washing  the  gravel  for  gohl.  No  sapphires  have 
been  found  in  situ  in  this  gulch,  but  Kun/^  has  note<l  the  occurrence 
of  sapi)hires  that  were  found  in  a  dike  of  vesicular  mica-augite- 
andesite  which  was  about  G  feet  wide  and  cut  througli  tlu^  green 
slate  l)elow  the  gi*avels.  In  the  gravel  deposits  at  French  Bar,  alx)ut 
3  miles  below  Canyon  Ferry,  a  narrow  dike  was  encountered  last 
summer,  3  to  6  feet  in  width,  that  had  greenish  sapi>hires  scattered 
sparingly  through  it. 

This  dike  was  encountered  alK)ut  50  feet  above  the  river  and  its 
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strike  as  it  cuts  through  the  slate  is  N.  10°  K.,  the  dip  being  about 
45°  W. 

This  rock  is  undoubtedly  of  the  same  character  as  that  described 
by  Kunz  as  occurring  at  Ruby  Bar.  From  the  occurrence  of  these 
two  corundum-bearing  dikes  of  andesite  it  would  seem  that  the  source 
of  the  sapphires  found  in  the  various  bars  along  the  Missouri  River 
is  a  series  of  small  parallel  dikes  with  a  slight  northeast-southwest 
trend,  like  those  described.  As  the  sapphires  are  scattered  so  spar- 
ingly through  these  dikes,  the  amount  of  decomposition  and  erosion 
that  was  required  to  liberate  those  that  are  now  found  in  the  gravels 
must  have  been  simply  enormous. 

The  beds  of  gravel  in  which  the  sapphiw^s  occur  are  from  10  to  50 
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Fi«.  8.— Spokane  Bar  sapphire  dopositH,  Lk*wIh  and  Clarke  County,  Mont. 

feet  thick  and  rest  for  the  most  part  upon  slate,  in  bluffs  that  rise 
nearly  50  foot  above  the  river.  At  Emerald  Har  the  gi'avel  beds  are 
nearl}'^  130  feet  above  the  river  and  rest  upon  granite  rock. 

Most  of  the  mining  has  l>een  done  at  Spokane  and  Eldorado  bars. 
The  former  locality  is  near  the  center  of  the  sapphire  deposits  and  on 
the  west  side  of  the  river  about  16  miles  due  east  of  Helena.  In  1895 
these  l>eds  of  gravel,  which  are  8  to  18  feet  thick,  were  extensively 
mined  by  an  English  company  known  as  the  Montana  Sapphire  and 
Ruby  Company.  The  gravels  were  washed  by  hydraulic  methods  and 
a  great  many  gems  were  obtained,  most  of  which  were  sent  to  Eng- 
land. This  company  also  controlled  or  owned  French  Bar  and  Dana 
Bar  on  the  west  side  of  the  fiver  and  Eldorado  Bar  on  the  east  side. 
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It  was  reorganized  in  1897  as  an  American  company,  known  as  the 
Eldorado  Gold  and  Gem  Company,  with  A.  N.  Spratt,  of  Oakland, 
Cal.,  i^i-esident,  and  Frank  Spratt,  of  Helena,  Mont.,  manager.  No 
work  lias  been  done  at  any  of  the  bars  by  the  present  company. 
This  bar  is  shown  in  fig.  8,  the  bluff  rising  from  the  river  being 
W  t<)  50  feet  high. 

Din*ctly  aci^oss  the  river  from  Spokane  Bar,  but  al)Out  thi'ee-foui'ths 
of  a  mile  from  the  river,  is  Metropolitan  Bar,  which  has  been  worked 
during  the  summer  of  1899  by  different  men  who  have  staked  out 
individual  claims.  The  gravels  are  from  6  to  20  feet  thick,  and  are 
washed  in  hand  rockers,  the  water  being  obtained  from  shallow  wells. 
Several  of  the  claims  are  owned  by  Robbin  Bird,  Charles  Johnfc:on, 
and  John  Durrant,  of  Helena,  Mont. 

Above  Spokane  Bar,  French  Bar,  Cheyenne  Bar,  and  JImerald  Bar  no 
regular  mining  has  Ixjen  done  during  the  last  few  yeai>i,  l)ut  frequently 
different  persons  have  worfted  in  the  old  drifts  for  a  few  days  at  a 
time,  washing  by  hand  the  gravel  obtained. 

A  large  part  of  tlie  work  done  at  Emerald  Bar  has  been  under  ground, 
by  means  of  shaft  and  drifts.  Henry  Crittenden,  of  Canyon  Feiry, 
has  done  a  large  part  of  the  work  here,  and  still  controls  the  deposits. 

Below  Spokane  Bar,  at  Dana  Bar,  Eldorado  Bar,  and  American  Bar 
there  was  no  mining  for  sapphires  during  1899. 

Most  of  the  gems  that  have  been  obtained  from  these  ])ars  during 
1899  have  l>een  put  on  the  market  through  the  Helena  Lapidary 
Company,  of  Helena,  Mont.,  of  which  William  Knutli  is  manager. 
Mr.  Knuth  has  done  considerable  work  on  these  bars,  and  has  been 
instrumental  in  the  development  of  the  Montana  gem  fields. 

As  mining  investments  these  sapphire  deposits  have  not  thus  far 
been  financially  successful,  partly  on  account  of  the  heavy  capitaliza- 
tion of  the  companies  who  have  bought  the  mines  and  partly  on 
account  of  the  color  of  the  stones.  They  are,  for  the  most  part,  of  a 
pale-greenish  or  greenish-yellow  color,  and  do  not  command  a  very 
high  price  in  the  market.  Occasionally  pink  and  yellow  ones  have 
been  found  that  have  cut  good  gems.  Stones  approaching  a  red  or 
blue  color  are,  however,  extremely  rare. 

There  are  still  a  gi-eat  many  sapphires  in  the  gravels  that  have  not 
been  worked,  but  on  account  of  their  color  it  is  ratluM-  doubtful 
whether  under  the  most  favorable  conditions  it  will  i)ay  to  mine  them. 

The  crystals  from  all  these  bars  show  the  same  development,  and 
are  prismatic  in  habit.  The  prism,  a  (11^0),  is  always  i)resent,  and 
is  usually  in  combination  with  the  base,  c  (0001),  and  the  unit  rhom- 
bohedron,  r  (lOTl),  as  represented  in  fig.  9,  A.  Some  of  the  crystals 
have  the  prism  very  short  and  the  rhombohedron  is  wanting,  giving 
the  crystal  a  verj^  tabular  appearance  (fig.  9,  B).  A  i)yramid  of  the 
second  order,  n  (2243),  was  observed  on  some  of  the  crystals  in  addition 
to  the  base  and  unit  rhombohedron,  and  is  represented  in  fig.  9,  C. 
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The  crystals  are  usually  rough  and  more  or  less  striated,  so  that  no 
measurement  could  be  made  upon  the  reflecting  goniometer,  but  suf- 
ficiently accurate  measurements  could  be  obtained  with  the  contact 
goniometer  to  identify  the  faces. 

The  largest  crystal  that  has  l)een  observed  from  any  of  these  bars 
was  one  from  Eldorado  ]3ar  that  was  nearly  an  inch  long  and  three- 
eighths  of  an  inch  in  diameter. 

A  repeated  growth  was  observed  on  some  of  these  crystals,  but.  not 
in  the  variety  of  forms  seen  in  the  Coweo  rubies  (p.  43)  and  the  Yogo 
Gulch  sapphires  (p.  52).  Only  one  form  of  growth  was  observed,  i-epre- 
sented  in  fig.  9,  A,  which  is  a  combination  of  the  unit  rhombohedron 
and  the  base. 

Since  the  discovery  and  mining  of  sapphires  from  the  Missouri 
River  bars  sapphires  have  been  found  at  thi-ee  other  localities  in  Mon- 
tana— at  Rock  Creek,  Granite  County;  at  Cottonwood  Creek,  Deer- 
lodge  County;  and  at  Yogo  Gulch,  Fergus  County. 

The  first  two  localities  are  about  80  and  30  miles  southwest  of  those 
on  the  Missouri  River,  and  the  last  one  is  about  80  miles  to  the  north- 
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Fio.  0.— Sapphire  cryHtals  from  Missouri  Rivor  bars,  Montana. 

east.  Fi'om  these  sapphire  deposits  stones  of  deeper  colors  have  l>een 
obtained,  those  from  the  first  two  being  of  all  colors  from  blue  to  red, 
while  those  from  the  last  are  all  blue. 


KOCK   CREKK   SAPPHIRES. 

P^or  information  coucerniug  the  sai>i)liin?  deposits  of  Rock  Creek,  I 
am  indebted  to  Mr.  William  Knuth,  of  Helena.  All  the  sapphires 
that  have  thus  far  been  found  in  this  section  are  in  the  gravel  deposits 
on  the  West  Fork  of  Rock  or  Stony  Creek,  in  the  southern  jiart  of 
Granite  County,  about  35  miles  southwest  of  Phillipsburg,  the  county 
seat,  and  30  miles  nearly  west  of  Anaconda,  Deerlodge  County. 
(PI.  IV.) 

Th(»  sapphires  are  found  in  rather  a  limited  area,  which  is  bounded 
roughly  l)y  the  gravels  of  Cold  Creek,  Myers  Ci-eek,  tributaries  of  the 
West  Fork  of  Rock  Creek,  and  that  portion  of  Rock  Creek  lying 
Ix^tween  them. 

These  gravels  w(»re  ext*?nsively  worked  during  the  summer  of  1899, 
principally  by  William  Knuth,  of  Helena,  and  William  Moflitt,  of 
J^hillipsburg.     Altogether  about  200,000  carats  of  rough  sapphires 
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were  obtained.  Of  these  about  12,(XK)  carats  are  fit  for  (rutting.  In 
Bolor  tliey  are  much  more  varied  than  those  from  the  Missouri  Hiver 
t>ai"s,  and  the  prevailing  color,  which  is  greenish  to  bluish  green,  is 
ieeper.  No  deei)-blue  sapphires  like  the  oriental  stones  have  been 
found,  but  paler  blue  ones  have  been  obtained,  from  which  very 
handsome  sapphires  2  or  3  carats  in  weight  have  Ix^en  cut.  Some 
t)f  the  finest  yellow  sapphires  (oriental  topaz)  that  I  have  ever  seen 
have  been  found  at  Rock  Creek.  One  of  these  weighed  close  to  2 
carats  when  cut.  Pale  green  and  bluish  green  are  among  the  common 
stones,  some  cutting  gems  of  5  to  8  carats  in  weight.  A  number  of 
beautiful  pink  sapphires  have  also  been  found. 

Few  red  and  ruby-colored  crystals  have  been  found  and  none  that 
would  cut  a  gem  over  a  twelfth  of  a  carat  in  weight.  These  coloi-s  are 
extremely  rare  in  the  Montana  sapphire  deposits. 

The  crystals  and  fragments  of  sapphires  that  are  found  in  these 
L^ravels  do  not  show  as  much  abrasion  as  those  from  the  Missouri 
River,  i)robably  because  they  have  been  carried  a  shorter  distance 
from  where  they  originated. 

In  habit  the  crystals  are  very  similar  t^o  those  alrea<ly  described 
from  the  Missouri  River,  and  fi^.  1)  will  also  illustrati^  very  well  the 
character  of  the  Rock  Creek  crystals.  One  type  that  is  very  notice- 
able is  a  short  prismatic  crystal,  whose  diameter  n(»arly  equals  its 
length.  A  parallel  growth  on  the  basal  plane  is  only  occasionally 
[)l>8erved,  and  is  composed  of  the  basal  plane  and  unit  rhoml)oh(^dron. 

No  sapphires  hav^e  as  yet  been  found  in  situ,  but  a  few  have  been 
found  in  the  gravels  that  were  embedded  in  the  original  matrix.  Mr. 
Knuth,  to  whom  I  showed  a  specimen  of  the  andesite  containing  sap- 
phires from  French  Bar,  said  that  it  very  closely  resembled  the  small 
fragments  of  rock  carrying  sappliires  that  lu»  had  found  at  Rock 
Creek.  It  is  not  at  all  improbable  that  these  sapphires  originated 
in  the  same  type  of  rock  as  those  of  the  Missouri  River  and  that 
small  dikes  of  andesite  will  be  found  in  the  divide  between  Myers, 
Cold,  and  Quartz  creeks.  A  very  few  sapphires  have  been  found  on 
Quartz  Creek. 

While  the  sapphire  gems  from  Rock  Creek  do  not  comnuind  so  high 
a  price  as  the  ruby  and  the  deep- blue  8api)hires,  and  are  regarded  more 
as  fancy  stones,  they  are  coming  to  be  quite  highly  prized  by  many 
who  are  acquainteil  with  them.  As  yet  but  few  of  the  Rock  Creek 
sapphires  have  been  put  on  the  market  except  locally  at  Helena,  and 
it  seems  to  me  that  it  can  be  confidently  predicted  that  these  sapphires 
will  become  important  in  the  jewelry  trade  when  they  are  once  known. 

COTTONWOOD  CREEK   SAPPHIRES. 

The  sapphire  deposits  on  Cottonwool  Creek  are  in  Deerlodge  County, 
about  30  miles  southwest  of  Helena  and  10  miles  east,  of  Deerlodge, 
the  county  seat.    There  has  not  been  a  great  deal  of  work  dou^  ow 
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this  creek,  so  that  the  extent  of  t-he  sHH])phiro-beariii^  gravels  is  not 
known.  The  sappliires  are  similar  in  character  to  those  of  Rock 
Creek,  but  they  are  apt  to  be  of  lij?ht4.»r  color  and  not  of  such  a 
variety  of  colors.  What  little  work  was  done  on  the  creek  during  the 
past  summer  was  by  Franz  Cobalt,  of  Helena,  and  according  to  him 
then*  were  but  few  sapphires  tAken  out  of  the  gravels.  Future  devel- 
opment, at  this  locality  may  show  these  deposits  to  be  of  considerable 
imi)ortance  and  extent. 

YOOO  GULCH  SAPPHIRKS. 

The  sapphires  that  are  the  most  widely  known  and  that  have 
attracted  the  most  attention  have  been  obtained  in  Fergus  County 
near  the  entrance  of  Yogo  Gulch,  on  the  Yogo  Fork  of  Judith  River. 
This  locality  is  on  the  eastern  8loi)e  of  Prospect  Ridge  of  the  Little 
Belt  Mountains,  about  75  miles  northeast  of  Helena  and  15  miles  a 
little  south  of  west  of  IJtica,  which  is  the  nearest  town,  and  which  is 
on  the  Judith  stage  line.  The  sapphires  Avere  firat  found  in  the  grav- 
els of  Yogo  Fork,  and  in  following  these  up  the  creek  their  original 
source  was  located  in  dikes  that  extend  across  the  county  for  a  mile 
and  a  lialf.^ 

There  ai-e  two  i)arallel  dikes  about  8(M)  feet.  ai)art,  with  a  general  east- 
west  trend,  which  vary  in  width  from  15  to  75  feet.  The  miner- 
alogical  composition  of  the  rock  shows  that  it  has  a  close  affinity  with 
minette  and  slumkinite,  a.s  described  on  page  28. 

The  alluvial  deposits  below  these  dikes  have  been  pretty  thoroughly 
worked  for  the  sapphires,  and  mining  oi)erations  ai'e  now  confined 
almost  entirely  to  the  dikes  themselves.  These  dikes,  the  upi>er  por- 
tion of  which  is  thoroughly  decomposed,  have  been  worked  bj'^  means 
of  open  (*uts,  the  limestone  making  fairly  firm  walls.  By  hydraulic 
processes  the  decomposed  rock  was  readily  broken  up  and  washed 
into  sluice  boxes.  As  the  mining  extended  de(^j)er  the  rock  was  much 
less  altei'ed  and  it  was  ne(»essary  to  leave  a  great  deal  of  it  exposed  to 
the  atmosphere  from  one  season  to  the  next,  l^efore  it  could  be  broken 
up  and  run  through  the  sluice  boxes.  At  a  number  of  points  the 
almost  perfectly  fresh  rock  has  been  encountered,  and  from  this  it 
will  l)e  a  difficult  jnoblem  to  separate  the  sapphires.  The  percentage 
of  sappliires  in  the  rock  is  small  and  if  it  were  the  unaltered  rock  that 
had  to  be  worked  for  them  the  deposit  would  not  be  of  economic 
importance. 

The  sapphires  occur  embedded  in  this  rock  in  distinct  ciystals  fi*om 
less  than  a  millimet.(»r  in  diameter  to  some  that  weix*  over  15  mm. 
Their  color,  as  far  as  I  hav(?  obs(»rved  them,  is  always  a  blue,  varying 
from  light  blue  to  a  very  few  that  showed  the  dark  blue  of  the  Ceylon 
stone.     The  pri* vailing  color  is  a  bright  blue.^' 

•  The  j^eology  <»f  the  distri<t  aud  a  full  description  t)f  tho  minos  and  workiugH,  by  W.  H.  Weed, 
will  be  found  in  the  Twentieth  Ann.  I!opt.  U.  S.  Geol.  Survey,  Part  HI,  iWO.pp.  454-40a 
«Kunz:  Am.  Jour.  Sci.,  4th  series,  Vol.  IV,  1»U7,  p.  tW. 
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While  the  color  of  these  sapphires  is  not  as  dark  ius  the  hij^lily-prized 
Ceylon  stones,  they  show  a  richness  and  brilliancy  not  equalled  by  the 
oriental  stone.  They  not  only  show  a  stmng  rich  color  by  trausniitt^ 
light,  but  their  color  is  almost  as  good  by  reflected  light.  Then 
again,  while  many  blue  sapphires  make  beautiful  day  stones  but  ai'e 
dull  at  night,  the  Yogo  sapphire  is  a  very  brilliant  night  as  well  as 
day  stone. 

The  crystallography  of  these  sapphires  is  markedly  different  from 
that  of  the  sapphires  of  the  Missouri  bars  and  liock  Creek  (page  50). 
The  latter  all  show  a  prismatic  development,  while  the  former  are  all 
rhombohedral  crystals,  none  of  which  show  the  presence  of  any  prism 
face.^ 

The  crystals  are  etched  and  striated  to  such  a  degree  that  no  crys- 
tallographic  measurements  on  the  reflecting  goniometer  were  possi- 
ble; but  sufficiently  accurate  angles  were  obtained  with  the  contact 
goniometer  to  permit  the  identification  of  the  faces.  The  only  two 
faces  that  could  be  identified  wei*e  th(?  base  c  (O(X)l)  and  the  rhoml)o- 
hedron  x  (3()32)  which  is  a  new  face  for  corundum.  On  one  crystal 
two  very  small  faces  were  obsc^rved  which  were  too  small  to  Ik»  mejus- 
ured  with  the  contact  goniometer,  but  were  probably  the  faces  of  a 
pyramid  of  the  second  order. 

In  determining  the  rhombohedron,  ten  or  more  independent  meas- 
urement's wei'e  made  of  v/\x*  These  varicnl  from  00°  to  68°,  but 
approximated  closely  to  67°,  which  agrees  very  well  wit  h  the  calculated 
value,  ()7°  3',  for  0001  A3032.     These  crystals  ai-e  repres(jnted  on  PI.  V. 

The  crystals  are  develojicd,  as  shown  in  figs.  1,  2,  and  3  of  PI.  V, 
the  prevailing  tyi^e  being  like  fig.  3  of  PI.  V.  The  crystals  vary  from 
those  where  the  base  is  very  largely  developed,  having  a  diameter  of 
8  mm.,  while  the  rhombohedi*on  is  only  1  mm.,  to  those  that  have  the 
base  and  the  rhombohedron  eciually  developed  {^\^.  1  of  PI.  V').  Where 
the  faces  are  more  equally  develoi)ed,  the  rhombohcHlral  faces  are 
generally  rounded. 

The  basal  plane  often  shows  characteristic  striatioiis  which  are  par- 
allel t^)  the  three  int^i'sections  of  the  base  r  and  the  rhombohedrcm 
.r,  jis  shown  in  fig.  4  of  PI.  V.  These  liiK^s  an^  sharp  and  distinct  and 
on  the  very  flat  crystals  (*an  easily  b(»  measured  when  examined  under 
the  microscope.  The  rhomlM)h(Hlral  fac(»s  are  very  roughly  striatcKl 
without  showing  any  distinct  parallel  lines. 

()n(»  veiy  common  development  of  thest^  crystals  is  a  reixvited  growth 
on  the  basal  plane  of  the  rhombohedron  s  (3032)  and  tlu^  base  c  ((HM)1), 
iis  represented  in  fig.  2  of  PI.  V.  These  growtlis  aiv  exceedingly 
varied,  as  is  shown  in  figs.  11-14  of  PI.  V,  where  th(»y  are  drawn 
in  ba.sal  projection.  In  fig.  11  of  PI.  V  there  is  but.  one  secondary 
rhombohedron  and  base,  which  has  one  of  its  rhombohedron  faces 
a  continuation  of  one  of  the   rhombohedron  faces  of  the  crystal. 

>  Am.  Jour.  Sci.,  4th  serioH,  VoL  IV,  18W7,  p.  4^4. 
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Fig.  12  of  PL  V  represents  a  rei>eate(l  growth,  eacli  face  of  which  is 
entirely  distinct  from  the  faces  of  the  main  crystal.  In  fig.  13  of 
PI.  V  there  are  represent/cd  two,  and  in  fig.  14  of  PL  V  a  series  of 
such  growths,  where  a  number  of  the  rhombohedral  faces  coincide. 
These  growths  occur  most  fre(iuently  on  the  flat  crystals.  The 
thickness  of  the  rhombohedron  rarely  reaches  1  mm.  and  often  they 
are  so  thin  that  they  appear  like  striations. 

This  repeated  growth  is  veiy  similar  to  that  described  as  occurring 
on  the  C'owee  rubies  (p.  43).  leaner,*  in  an  article  entitled  "  Ueber 
das  Vorkonimen  der  Rubine  in  Birma,"  has  described  this  same  style 
of  dev^elopment  as  occurring  on  the  j^urma  rubies,  but  it  is  not  so 
general  as  on  the  Montana  corundums. 

Efclking  fiyuresr — The  etching  figures  which  were  observed  on 
nearly  all  the  crystals  examined  werc^  on  the  basal  plane.  The  fig- 
ures are  very  pcrf(*ct,  and  altbough  showing  many  different  forms, 
they  all  have  a  rhombohedral  symm(»try.  Fig.  5  of  PL  V  represents 
the  common  etching  figure,  which  is  a  rhombohedml  depression  ter- 
minating in  a  point.  The  edges  of  the  depression  art^  sharp  and  well 
defined,  as  arc^  also  the  int<M*sections  of  the  rhombohedral  faces  of  the 
depression.  These  rh()mlK)hedral  faces  were  smooth  and  gave  fair 
reflections  of  the  signal  on  tlie  reflecting  goniometer.  In  measuring 
them  the  (entire  (M-ystal  i^xcept  the  depression  to  be  measui-ed  was  cov- 
ered with  a  thin  coating  of  wax.  '^Pwo  different  crystals  were  meas- 
ured, which  gave  for  rhoml)ohe(lr(m  on  rhomlM)hcdron  22*^  30';  this 
corresp<mds  to  the  rlioinl)ohedron  loT?,  for  which  the  calculated  value 
is  21'  50'.  Figur(\s  of  th(^  sam<^  style  were  obs<»rved  whose  edges  were 
parallel  to  those  of  the  n(»gative  rhombohedron;  these,  however,  are 
not  common  in  isolal4'<l  forms. 

Another  common  form  isr(»X)r(*sente(l  in  tigs.  7  and  J>  of  PL  V,  where 
the  d(»pression  is  bounded  by  the  basal  plane,  which  at  times  is  so 
large  that  the  rhombohedral  plane  is  hardly  visible.  Fig.  <>  of  PL  V 
represents  etching  figun\s,  where,  on  the  basal  plane  of  a  shallow 
depression,  there  is  one  additional  etching  flguiv  and  sometimes  two, 
Tliese  second  etching  ligures  any  like  thec(mimon  oni^s  shown  in  fig.  5 
of  PL  V.  'i'he  outer  rhomboluMlral  contour  of  these  flgui"es  is  gen- 
erally round(Ml.  This  is  also  usually  tiie  cnse  with  the  deeper 
depressions. 

Often  th(»  etching  figures  are  intergrown,  fig.  S  of  PL  V,  and  when 
many  of  th(»s(»  (M*cur  logetlier  they  have  tin*  apix^arance  of  rais^Nl 
figures  rathcM*  than  of  (h^jiressions.  This  rais(Ml  ai)peamnce  is  verj* 
striking  when  thei*e  is  a  (combination  of  the  plus  and  minus  rhombo- 
hedron in  jKinillel  j)osition  and  without   overlapi)ing,  fig.  10  of  PL  V. 

The  figures  vary  considerably  in  size,  but  most  of  them  ai*e  near 
1  mm.  in  dianu^tcr.  A  few  w(M'e  observed  that  were  nearly  2  mm.  in 
diameter. 

'  Noui's  Juhilm<-h  f«r  Miii.,  (lool.  inul  Pal..  Vol.  XI,  l«Ni,  p.  auo. 
■^  Am.  Jour.  StM.,  4tli  Hurics,  V<»1.  IV,  IHUT,  p.  4AJ. 
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i^auer  *  has  described  etching  figures  that  he  observed  on  the  base 
0001  and  the  pyramid  2243  of  the  Burma  rubies.  Those  on  the  base 
are  similar  to  the  figures  in  fig.  5  of  PI.  V,  except  that  the  outside 
contour  of^the  rhombohedron  is  rounded. 

These  sapphire  deposits  are  now  controlled  by  the  New  Mine  Sap- 
phire Syndicate  of  Utica,  Fergus  County,  Mont.,  and  London,  Eng- 
land, of  which  Mr.  George  A.  Wells,  of  Great  Falls,  Mont.,  is  presi- 
dent. Mr.  S.  S.  Hobson,  of  Lewiston,  Mont.,  one  of  the  directors  of 
the  company,  states  in  a  recent  letter  that  130,000  carats  of  cuttable 
material  were  taken  out  last  season.  Besides  this  there  is  a  large 
amount  of  veiy  small  crystals  and  badly  flawed  larger  crystals  that 
are  not  capable  of  being  cut  into  gems  and  that  are  sold  by  the 
ounce.  The  largest  rough  stones  that  have  been  found  weighed  11 
to  12  carats,  and  from  these  were  cut  gems  weighing  5  to  0  carats. 
One  of  the  better  stones  taken  out  the  season  of  1899  weighed  4  carats 
when  cut  and  is  valued  at  over  $75  a  carat.  All  of  the  material  is 
shipped  to  London. 

That  the  American  gems  are  l^eing  appreciated  is  shown  by  the  large 
orders  that  are  received  for  them  from  Paris,  London,  and  New  York. 

CORUNDUM. 

Under  this  head  are  included  all  the  translucent  to  opaque  varie- 
ties of  all  colors,  subdivided  into  block,  crystal,  and  sand  corundum. 
While  a  sharp  line  can  be  drawn  between  corundum  and  emery,  no 
such  distinction  can  be  made  between  corundum  and  sapphire,  for 
many  pieces  of  the  former  are  found  that  have  transparent  porticms. 
Many  sapphire  gems  have  been  found  in  masses  of  corundum  that 
were  being  mined  for  abrasive  purposes. 

In  the  following  descriptions  corundum  deposits  have  been  taken  up 
by  States  in  the  order  of  supposed  importance.  Many  of  the  beds 
are  briefly  noticed,  but  the  larger  and  more  important  (h^jmsits  are 
descrited  in  detail. 

NORTH    C^AROLINA. 

Most  of  the  corundum  localities  in  North  Carolina  are,  in  a  general 
way,  indicated  on  the  map  (PL  VI),  exci^pt  the  very  few  that  are  east 
of  the  Blue  Ridge.  In  the  following  descriptions  onl}'  those  deposits 
have  been  considered  which  have  bi^en  mined  for  corundum  or  which 
liold  out  a  promising  prospect  for  the  mineral.  These  will  be  taken 
up  by  counties,  the  more  important  ones  first. 

MACON   COUNTY. 

Corundum  was  first  discovered  in  tliis  county  in  1870  at  what  is 
now  known  as  the  Corundum  II ill  mine,  and  mining  was  begun  here 
about  a  year  later.     This  mine  has  l)ecome  one  of  the  most  important 


*  Loc.  cit,  p.  2ia 
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coriinduiu  deposits  in  this  (H)iintry.  It  is  situate<l  about  8  milc?t8  south- 
east of  Franklin,  the  (H)unty  seat,  on  the  northeast  side  of  Cullasagee 
Creek,  a  tributary  of  the  Little  Tennessee  River. 

The  corundum  found  at  this  mine  occurs  in  peridotite  rock,  and 
this  has  been  worked  very  oxt-ensively,  especially  near  the  contact  of 
this  rock  with  gneiss.  PI.  VIT  gives  a  general  view  of  this  peridotite 
formation,  and  shows  to  a  c^*rtain  extent  the  number  of  openings  that 
have  been  made  in  it.  The  hill  is  al)out  350  fei»t  high,  the  summit 
l>eing  about  5(K)  feet  above  tlie  level  of  Cullasagee  Creek.     Fig.  10  is 


Piii.  10.     Mui»  «»f  the  iH»ri(l<)tit«;  foniiution  at  C'oruiiuuin  Hill.  Macon  County,  N.  V. 


a  topograi)hic  map  of  this  same  peridotite  formation,  and  shows  the 
location  of  the  various  mines.  Tlu^  formation  is  a  rather  blunt  lens- 
shaped  mass  of  the  dunite  variety  of  i)eridotite,  and  lias  about  10 
acres  of  surface,  over  most  of  which  the  rock  is  exposed.  As  is  seen 
from  this  map,  most  of  the  mines  are  located  near  the  (contact  of  the 
dunite  with  the  gneiss  or  schist,  and  follow  contact  veins  of  corun- 
dum. A  number  of  dunite  veins  have  been  worked  within  the  forma- 
tion, but  with  tlie  exception  of  the  one  marked  ''Shaft"  on  the  map, 
they  have  all  soon  i)inched  out. 
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Most  of  the  mining  has  been  done  on  the  south  side  of  the  forma- 
tion, where  was  encountered  what  is  known  as  the  Big  vein.  This 
was  first  mined  by  means  of  open  cuts  and  later  by  tunnels,  the  last 
one  being  about  300  feet  below  the  summit  of  the  hill.  PI.  VIII  is  a 
view  of  the  entrance  to  this  tunnel,  and  shows  the  peridotite  rock  on 
the  left  and  the  gneiss  on  the  right  beyond  the  cut.  For  nearly  the 
whole*  distance  of  the  southern  boundary  of  the  dunite  formation  a  cut 
has  been  made  following  the  contour  of  the  hill.  This  cut  was  some- 
times wholly  within  the  gneiss,  at  other  times  wholly  within  the  peri- 
dotite, and  again  cutting  directly  on  the  contact.  The  tunnels  are  all 
to  the  left  of  the  cut,  and  they  have  encountered  corundum  almost 
continuously  for  a  distance  of  1,280  feet,  reaching  nearly  to  the  south- 
east boundary  of  the  formation.  PI.  IX  is  a  view  of  the  upper  or 
southeastern  end  of  this  cut,  showing  the  peroditite  on  the  left  and  the 
gneiss  and  schist  on  the  right.  The  upper  part  of  this  cut  is  known 
as  the  Stan  field  mine.  A  tunnel  has  been  run  into  the  liill  near  the 
contact,  at  the  head  of  which  the  vein  of  corundum  is  8  to  10  feet  wide. 
No  work  has  been  done  at  this  mine  for  a  number  of  years. 

On  the  northeast  side  of  this  formation  is  what  is  known  as  the  Zeb 
Jones  mine,  where  there  was  exposed  (July,  1899)  a  bench  of  ore  25 
feet  in  depth  and  2  to  5  feet  in  width,  uncovered  for  a  distance  of 
50  feet,  which  averaged  very  close  to  50  per  cent  corundum.  This 
vein  carries  what  is  known  as  *' buckwheat"  corundum,  which,  as  its 
name  suggests,  is  made  up  of  small,  irregular  particles  of  corundum 
about  the  size  of  buckwheat  grains. 

Numerous  dunite  veins  have  been  found  and  worked,  but  they  c^n 
be  mined  profitably  only  when  they  ai'e  large  contact  veins,  for  the 
reason  that  they  are  very  likely  to  pinch  out  after  being  worked  for  a 
short  time. 

From  these  various  openings,  collectively  known  as  the  Corundum 
Hill  mine,  block,  crystal,  and  sand  corundum  oi'eshave  been  obtained, 
all  of  whicli  can  be  readily  cleaned  and  will  make  acominercial  i>rod- 
uct  that  can  be  used  in  the  manufacture  of  any  kind  of  corundum  wheel. 
A  small  amount  of  garnet  is  occasionally  found  associated  with  the 
corundum  in  the  vein  along  tlie  southern  (^ontact,  but  this  portion  of 
the  ore  can  be  readily  eliminated  by  liand  cobbing  at  the  mine.  This 
is  the  only  mine  that  produced  any  (juantity  of  corundum  during 
1809.  It  is  now  owned  by  the  International  C-orundum  and  Emery 
Company,  of  New  York,  N.  Y. 

The  water  of  Cullasagee  River  is  utilized  for  the  washing  and 
cleaning  machinery  of  the  mill,  which  is  located  about  a  mile  and  a 
half  below  the  mine,  at  Cullasagee.  A  line  of  sluice  l)oxes  connects 
the  mine  with  the  mill,  and  all  the  corundum  ore  that  can  be  readily 
broken  to  pieces  is  carried  down  to  the  mill  in  these  boxes. 

There  are  many  outcrops  of  peridotite  on  Ellijay  Creek,  a  few  miles 
north  of  Cullasagee,  and  at  many  of  them  corundum  has  been  found. 
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The  most  work  that  has  ]km»ii  <h>iio  is  at  thi>  MincM^}'  mine,  wliieh  is 
2  miles  iiortliwest  of  the  Coriiii<liim  Hill  mine.  Al  this  locality  a 
considerable  quantity  of  eorundum  lias  been  taken  out,  which  was 
carried  to  the  mill  at  (/Ullasagree  and  cleaned.  PI.  X  is  a  view  of  this 
oiKjneut,  wliich  was  entirely  within  the  formation.  Jiidpng  by  tlw 
amount  of  <*orundum  obtained  and  by  that,  found  near  the  coiitaet  of 
the  dunite  witli  tlie  ^nc^iss,  there  are  ||j:(km1  indications  of  the  exist encr 
of  eorundum  in  quantity  alonji:  the  contact.  The  corundum  that  was 
obtained  at  this  miue  was  hauled  by  wagons  to  the  Corundum  Hill 
min<»,  when^  it  was  cleaned.  This  property  is  owned  by  the  Interua- 
tioiml  Corundum  and  Kmery  Company,  of  New  York,  N.  Y. 

Hetw(MMi  the  Ciirundum  Hill  and  Mineey  mines  thei*c*  is  a  bold 
outcrop  of  dunite  on  the  Gray  j)roperty,  covering  about  the  same 
surfa(*e  as  that  at  ( -orundum  Hill.  Although  thei'e  1ms  Ix^n  no  uiin- 
injj:  lu»re,  the  little  prospt'etinjif  that  has  l>e(^n  dcme  hjus  sIiowti  conm- 
dum  t^)  be  very  thickly  scattered  alon^  the  lower  borders  of  the 
formation,  and  many  small  pits  that  have  been  sunk  within  the  for- 
mation have  encountered  (corundum.  This,  in  my  opinion,  in  one  of 
the  most  promising  prospects  for  corundum  in  Macon  County. 

A  ^iH^at  many  of  the  pi»ridotite  formations  alon^ EUijay  Creek  have 
l)een  worked  a  little  at  difT(M'<'nt  times,  and  these  arc  mentioned  in  the 
lists  of  corundum  localities  (p.  S:$). 

Slifffit'ld  iniiH. — This  mine  is  in  Cowe(»  'I'ownship,  about  7  miles 
nortli<*ast.  of  Franklin,  the  county  seat,  just  north  of  Cowee  Creek. 
The  corundum  occurs  here  in  amphibole-.schist,  and  is  deserilied 
on  pa^e  -W.  On  account  of  tlu*  d<*pth  to  which  decompoMition  mas 
<»xtcndcd,  ihc  solid  rock  was  only  observed  in  the  lower  iMirtionsof 
the  S7-foo(  shaft,  so  that  nothin«r  <h*linit(»  is  known  of  this  corunduiii- 
bearini:  aniphiholc-schist.  The  corun<lum,  which  is  pink  in  color  an<l 
which  occurs  in  oval-shaped  u^mIuIcs  up  to  an  inch  in  diamet-er,  has 
been  ])n'tty  tliorouirhly  mine<l  down  totlu^  hanl  i-oek.  Tlie  corundmn 
is  of  ^<mm1  <|uaHly ,  and  some  preliminary  testshav<»  shown  that  it  is  well 
adnpl<'<l  to  tltc  ntanufa<*turc  of  the  vitrili<'d  wheel.  On  ae<*ountof  the 
low  |)ei'ccnta,tre  of  <-ornn<lnni  in  the  rock,  it.  is  not  at.  the  present  time 
a  protitabh' corundnni  t>i-c. 

The  saproliti<'  or<»  is  readily  ch^aned,  an<l  furnishes  a  nearl3' pure 
conniien'ial  |>rodii<*t.  A  small  mill  has  been  en»cti»<l  heiv.  Thisprop- 
<Tlv  is  owned  h\  the  National  Abrasiv*'  Manufa(*turin^  Coiui>any,  of 
New  York,  N.  V. 

CF.AY    col  NT  v. 

I]mj;  <'r<(h  nr  Ciilhikt  t  m  r  m/'uf. — Tliis  mine  is  in  the  Buck  Creek 
N'allev,  ahoiil  «M)  miles  southwest  (»f  Franklin,  Maeim  County,  and  21 
miles  a  little  n(»rth  «d'  east  of  llayesville,  the  county  scat  of  Clay 
County.  These  corundnni  (le|)osits  are  asso<-iat(M|  with  a  couipa<^tniass 
of  j)eri(lotite,coverini;  about  t  hree-cinarters  of  a  square  mile,  the  lai"gest 
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mass  that  is  known  in  the  Appalachian  belt.  Fig.  5  (page  22)  is  a  topo- 
graphic map  of  this  formation,  and  shows  the  isolation  of  the  amphi- 
bolite  to  the  peridotite  and  the  location  of  the  various  openings  that 
have  been  made  for  corundum.  There  has  been  but  very  little  sys- 
t<Mnatic  mining  for  corundum  in  this  locality,  and  most  of  the  work 
has  been  in  the  nature  of  prospecting.  Numerous  cuts  and  pits  have 
l)oen  made  at  a  great  many  points  on  the  formation,  most  of  which 
have  shown  the  presence  of  corundum.  The  principal  work  is  at  the 
east  end  of  the  formation,  near  the  contact  of  the  dunite  with  the 
gneiss,  where  a  shaft  40  feet  deep  was  sunk  partially  on  the  contact 
vein.  A  number  of  open  cuts  in  this  same  vicinity  have  i)enetrated 
into  the  sjime  vein.  This  vein  is  different  from  most  of  the  corundum 
veins  in  the  peridotite  ro<»ks,  in  that  it  is  composed  essentially  of 
plagicK'lase  feldspar  and  hornblende,  which  bear  a  similar  relation  to 
ea<*h  other  as  the  feldspar  quartz  and  mica  in  th(^  ])egmatitic  dikes. 
PI.  XI,  A,  is  a  general  view  of  the  Buck  Creek  formation,  showing  the 
shaft  mine  and  the  location  of  the  contact  vein  that  has  been  opened. 
Witli  this  exception  all  the  pits  and  cuts  that  have  l)een  made  are 
within  the  formation  itself,  and  where  they  encountered  corundum  it 
was  in  small  pockets,  the  remains  of  larger  dunite  veins.  PI.  XI,  B, 
shows  one  of  these  dunite  veins.  From  the  amount  of  corundum 
(»xposed  by  ])rospecting  and  the  work  done  in  the  shaft,  there  is  with- 
out doubt  a  large  amount  of  corundum  associated  witli  thest^  perido- 
tite rocks,  and  if  the  mine  were  more  accessil)le  to  the  railroad  it 
would  offer  one  of  the  test  corundum  prospects  in  the  country.  At 
the  i)resent  tinn;,  however,  the  neai'est  shipping  point  is  Murphy,  whi(^h 
is  ov<M-  40  miles  to  the  west.  The  nearest  point  on  the  Murphy  branch 
of  the  Southern  Railway  is  only  18  miles,  to  wlii(*h  a  g(KHl  road  C4in 
Ik»  l)uilt  that  would  not  cost  much  more  than  tlu^  first  bS  mikss  of  the 
road  to  Murphy.  lUick  Creek  offei-s  ample  water  su])ply  for  running 
a  mill  sufficient  to  clean  whatever  <*orundum  would  be  mined  h(»re. 
This  property  is  also  own(»d  by  the  International  Corundum  and  Emery 
Company,  of  New  York.  'J'he  ore  is  not  difficult  to  clean,  an<l,  as  far 
as  <*an  1m*  judged  from  a  sup<*rficial  examination,  should  mak<*  a  <'om- 
mercial  prmluct  that,  can  1m»  used  in  the  manufacture^  of  thi»  vitrified 
wh<H»l. 

Bhw  RUh/e  corunduin  frarfs. — Under  this  hea<l  are  included  the 
long  bands  of  corunilum-bearing  4|uartz-schist  that  have  been  found 
in  the  southciistern  part  of  the  county  and  in  the  adjoining  county  of 
(reorgia  (Rabun  County).  Parallel  bands  of  this  corundum-bearing 
schist  have  lx»en  followed  for  a  numlK»r  of  miles  close  Uy  the  summit 
of  tlie  C/hunky  Gal  and  the  Yellow  mount  ains.  As  is  stated  on  i)age  35, 
the  amount  of  corundum  in  this  schist-  is  probably  not  over  5  per  cent, 
and  with  such  a  low  iwrcentage  of  corun<ium  these  rocks  are  not  to  be 
considered,  at  the  pi-esent  tinn^  at  least,  as  a  source  of  this  mineral. 
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Thi're  are  four  t.nuMs  included  under  this  head,  which  are  described 
1h4ow. 

T}ie  Sealy  Mountain  ivncl  is  near  the  headwaters  of  Beech  Creek,  a 
prominent  eastern  tributary  of  the  TaUubih  River,  on  the  southern 
and  southwestern  slopes  of  Scaly  Mountain,  at  the  elevation  of  about 
4,500  fef4.  The  eorunduin-l>eariug  bands  of  schist  have  been  traced 
for  the  distance*  of  alN)ut  L*  miles,  with  a  ji^eneral  strike  of  N.  40°  E.  and 
with  a  dip  approximately  20''-30"  N  W.  C-onsiderable  prospecting  has 
l>eeu  done  in  tracing  this  band  of  schist,  but  axperiments  show  that 
there  is  less  than  o  per  cent  of  (forundum  in  this  schist,  although  some 
spi»cimens  hav<f  yi(»lded  12  i)er  cicnt.  The  hitter  were  probably  pieces 
broken  off  along  plant's  of  lamination  of  the  schist,  while  the  rest  of 
the  piecc»  from  which  they  were  broken  off  earned  but  little  comndum. 

The  Foster  tra<4  is  in  (riMirgia,  alxiut  H  miles  from  Scaly  Moun- 
tain, and  the  State  line  forms  its  northern  boundary.  It  is  on  both 
sides  of  Kails  Branch,  one  of  the  smaller  western  tributaries  of  the 
Tallulah  River,  an<i  is  about  l],MK)  feet  alwve  sea  level.  Here  a  num- 
lier  of  pits  hav<'  Ikm^i  nuwle  and  samples  of  corundum  have  been 
obtaiiKHl  whi(»h  have  assa^-ed  on  an  averaire  alx>ut  5  i>er  cent  of  this 
mineral.  Th<'it^  is  more  {j:arnet  associated  with  the  corundum  in  this 
on»  than  in  that  frinn  any  of  the  other  localities. 

The  Yellow  Mountain  tract  is  on  th<»  north  of  Scaly  Mountain,  on  the 
noKhern  slopc^s  of  thi^  Yellow  Mountains.  No  prospecting  has  In^en 
(hme  here,  and  from  the  indications  the  ore  is  the  same  grade  as  at 
the  other  hwalities. 

The  (Jhunky  (ial  tract  is  at  the  summit  and  along  the  western 
slo])es  of  i\w  Chunky  (Tal  Mountains,  near  the  hea<lwat.crs  of  Sugar 
Cove  Creek.  With  a  few  interruptions,  the  <*orundum-l)earing  schist 
has  been  trac4Ml  for  over  L*  miles,  with  a  strike  and  dip  approximately 
tin'  same  as  on  t  he  other  tracts.  A  numlx^r  of  pits  and  cuts  have  been 
nuulc,  from  whi(*h  considerabh'  ore  has  been  taken  out  and  tested, 
and  the  tests  show  the  ])ercentafr<*  <>f  corundum  t<i  l)c  pracaically  the 
same  as  at  tli<'  others. 

The  coriiiidinn  han<ls  of  the  schist  in  all  the  tract-s  var}'  consid- 
erably in  wi<lth,  some  hein^  not  over  a  foot  or  two  wide,  while  others 
are  IS  f<M*t.  In  these  widcM-  bauds,  how<»v<»r,  then^  are  apt  to  be  bands 
of  the  normal  schist.  More  or  less  garnet  has  In'OU  found  associated 
with  the  corundum  in  all  the  schist,  and  if  in  any  amount  would  have 
to  Im'  <*liminate(l  or  it  would  pn^venl  any  (Mmimeix'-ial  corundum 
obtained  from  these  ores  hein^  used  in  the  nuinufm'tun^  of  the  vitri- 
fied wheel. 

From  the  <»xtent  of  the  corun<lum-lM»arin;i^  schist,  there  is  undoubt- 
edly a  larjxe  quantity  of  corundum  in  this  se(^ti(m,  but  the  low  percent- 
ajfc  of  corundum  in  the  rocks  makes  it  very  questionable  whether  they 
can  be  profitably  worke<l. 

The  C4>rundum  Mining  and   Mauufa4'turing  C7om|)any,  of  Philadel- 
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phia,  Pa.,  has  recently  been  oi^anized  to  work  the  deposits  on  the 
Scaly  Mountain  and  Foster  tracts.  The  only  mining  that  has  thus 
far  l>een  done  consists  of  an  open  cut  extending  3o  feet  on  the  band 
of  corunduin-l)earing  quartz-schist.  About  1,000  tons  of  ore  have 
been  taken  out,  a  small  portion  of  which  has  l>een  crushed  and  cleaned. 
The  point  at  which  mining  was  begun  is  on  the  southwestern  slopes 
of  Scaly  Mountain  at  an  elevation  of  nearly  4,500  feet.  The  crushing 
plant  has  l)een  erected  close  to  the  cut.  The  cleaning  mill  is  about 
2,000  feet  lower  on  Scaly  Mountain,  the  crushed  ore  being  conveyed 
thither  in  a  flume. 

No  definite  method  of  cleaning  has  as  yet  been  decided  upon. 
Experiments  have  been  made  with  jigs  and  a  Bartlett  table,  but  they 
have  not  proved  very  satisfactory.  The  garnet  and  magnetite  in  the 
ore  are  U)  be  separated  by  the  electro-magnet.  No  corundum  has  as 
yet  been  cleaned  for  the  market. 

JACKSON   COUNTY. 

l^erhaps  the  most  important  corundum  locality  in  this  county  is  in 
the  extreme  southeastern  iKulion,  in  the  vicinity  of  Sapphire,  extend- 
ing over  into  the  adjoining  county,  Transylvania.  Tn  this  section 
there  is  a  series  of  about  30  outcrops  of  peridotite,  wlii(*li  extend  in  a 
general  n4)rtheast-80uthwest  direction.  All  these  outcrops  are  small, 
and  corundum  has  been  found  associated  with  many  of  them.  The 
location  and  relative  size  of  the  larger  of  these  outcrops  and  the 
places  where  corundum  has  l)een  mined  are  represented  on  tlie  map, 
fig.  11.  Most  of  this  has  been  at  the  Bad  Creek  and  Socrates  mines, 
but  the  greater  part  of  the  work  done  at  any  of  them  has  been  in  the 
nature  of  prospecting. 

At  the  Burnt  Rock  mine,  which  is  located  about  o  miles  northeast 
of  Sapphire,  all  the  mining  has  been  done  within  the  iM»ridotite  for- 
mation, and  about  10,000  to  12,000  pounds  of  corundum  have  been 
tiiken  out.  It  is  of  good  quality  and  occurs  in  white  crystals  and 
knotty  mnlules.  The  ore  is  free  from  garnet  and  can  be  readily 
cleane<l.  From  the  amount  of  work  done  here  tlie  indic^ations  are 
that  there  is  a  considerable  quantity  of  good  corundum  associated 
with  the  i)eridotite  near  its  contact  with  the  gneiss.  The  mining  at 
the  Bnickton  mine  was  also  within  the  i)eridotite,  and  about  the  same 
amount  of  corundum  was  taken  out  as  at  the  lUirnt  Kock  mine.  Tlie 
corundum  occurs  in  dull-gray  crystals,  whicrh  are  (sasily  cU»aned  and 
separate<l  from  the  gangue.  These  two  mines  are  in  Transylvania 
County.  Just  below  this  mine,  on  the  slopes  of  Poplar  Uidge,  a  vein 
of  corundum  was  exx)Osed  in  October,  1900,  by  workmen  who  were 
making  a  new  road.  The  corundum  is  massive,  and  gives  good  indi- 
cations of  occurring  in  quantity. 

Tlie  little  work  that  was  done  at  the  Sapphin*  mine  shows  a  (consid- 
erable quantity  of  white  and  gray  corundum,  often  speckled  with  blue, 
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very  siiiiilar  lo  Iho  ('oniiuhiiii  found  at  the  Wliitewnter  mine,  t;  miles 
soutli  of  the  Sapphiiv  mine.  Tlie  Socrates  mine  is  alKiut  tlirt»e- 
quartei*s  of  a  miU^  soutliwest.  of  the  Sapphire,  in  a  ImiM  out<^rop  of 
peri<h)tite.  The  eoriindum  is  in  small,  knotty  niKlules  and  is  ejisily 
cleaned.  A  <M)ntaet.  vein  was  encMiunterefl,  but  little  work  wjis  done 
to  develop  it. 

Th<*  Had  (-rei^k  minc^  lias  Ikmmi  workei!  more  tlian  anyotlier  in  tlii.s 
section,  aii<l  is  locat<Ml  about.  t.hr<M»-<[uarters  of  a  mile  n<»arly  s<Hith  of 
Sapphire.     The  work  done  at  this  mine  has  been  abnost.  entirely  on  a 


Fn;.  11.— Map  ot  tho  poridotitt;  aroiis  in  th«»  viciuity  of  SHi)i)hin»,  .Tacks«)nC»>uuty.N.C,, showing 
tho  lf>ontion  of  tho  (lilTcmit  corundum  mines. 


coiitad  vein  wliicli  lias  Ihmmi  ex])()sed  for  the*  distani'e  of  MiO  feet  and 
has  been  work(»(l  al  one*  point  lo  a  depth  of  On  fet't.  The  corundum 
ore  that  was  cncouiilertMJ  in  this  ncIii  is  of  two  distinct  kinds;  in  one 
the  <*orunduni  is  asso<Mat('<l  with  garnet  and  hornblende,  and  in  the 
other,  which  is  free  from  pirnct,  the  coiunduin  is  in  a  matrix  of  biotite- 
mica.  These  two  on's  should  always  1m'  k<'])t  si^parate,  for  the  corun- 
dum can  readily  be  cleaiic<l  and  se|)arat<'d  fi'om  the  asscxMat^Ml  minerals 
in  the  biotit<'  oi-e  and  will  yi(dd  a  ])roduct  that  can  be  used  in  the 
manufa^'turc  of  t.h<;  vilrifiecl  whc<'l;  bill  thr  rorun<lum  can  be  sepa- 
^rated  only  with  dithculty  from  the  orr  that  contains  the  garnet.     Unless 
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he  i^ariiet  can  he  entirely  oliminatod  this  ore  will  not.  make  a  product 
hat  c^n  be  used. for  making  the  vitrified  wheel.  The  vein  has  an 
iverage  width  of  nearly  0  feet,  and  will  carry  from  15  to  20  per  (!ent 
)f  corundnm.  All  these  mines  just  referreil  to  belong  to  the  Toxaway 
L'omi3any,  Sapphire,  N.  C. 

Corundum  has  teen  found  at  a  numl)er  of  the  peridotit<3  out^ji-ops 
)etween  the  Bad  Creek  and  the  Whitewater  mines;  and  while  this 
hK»8  not  by  any  means  indicate  that  there  are  large  deposits  of  this 
nineral  in  these  i"ocks,  it  does  indicate,  taking  into  consideration  the 
corundum  deposits  already  found  northeast  and  southwest  of  these, 
hat  thei-e  is  a  possibility  of  such  deposits,  and  it  makes  this  section 
k  iironiising  one  for  systematic  prospecting. 

(iEORGIA. 

The  corundum  localities  of  this  State  are  shown  on  the  map  (PI.  VI), 
kiiich  also  gives  the  general  location  of  the  pcridotite  formations  that. 
lave  been  observed  in  this  section.  Although  tliere  is  considerable 
>erid<)tite  occurring  in  the  northern  portion  of  the  State,  it  is  at  but 
ew  places  thus  far  that  corundum  has  lK?en  found  in  any  quantity, 
,iid  these  are  at  the  extreme  northern  part,  not  far  from  the  North 
'arolina  line. 

Georgia  corundum  is  well  known,  and  perhaps  has  the  l)est.  reputa- 
ioii  of  any  on  account  of  that  obtained  from  the  Laurel  Cre<»k  mine, 
krhich,  with  the  exception  of  the  Track  Rock  mine,  is  tlie  only  one 
hat  has  produced  any  considerable  quantity. of  corundum.  The 
►eridotite  formations  are  not  so  large  as  in  North  Caroliiui,  nor  are 
ho  corundum  localities  so  numerous,  and  it  is  not  probable  that  there 
8  as  much  corundum  in  this  State  as  in  North  Carolina,  aUhough 
he  Laurel  Creek  mine  may  be  superior  to  any  one  thus  far  located 
n  North  ( 'arolina. 

Laurel  Creek  mine,- -This  mine,  which  is  owned  by  the  Interna- 
ional  Corundum  and  Emery  Company,  is  located  at  IMne  Mountain, 
iabun  County,  Ga.,  and  is  18  miles  from  Walhalla,  S.  C,  tlui  near- 
est point  on  the  railroad.  At  this  locality  there  is  a  large  outcrop 
►f  peridotit^^,  covering  several  liundred  acres,  and  along  the  contact 
►f  this  with  the  gneiss  large  deposits  of  corundum  have  been  found, 
several  ox)enings  have  been  made,  some  of  which  have  been  worked 
rery  extensively.  Fig.  12  is  a  topographic  nuxp  of  this  p(u*idot  it^^  for- 
mition,  showing  the  general  location  of  the  cuts  and  shafts  that  have 
jeen  made.  As  is  seen  from  the  'map,  the  formation  extends  over 
,wo  small  hills,  which,  on  account  of  their  rough  and  barren  luiture, 
)ffer  a  sharp  contrast  to  the  surrounding  country.  There  is  a  large 
)I)en  cut  (1  in  fig.  12)  on  the  east  side  of  the  formation,  which  follows 
'or  the  most  part  along  the  contact,  is  200  fe(»t  in  depth  at  the  lower 
md,  and  gradually  rises  until  at  the  upper  end  the  surface  is  reached. 
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At  it«  lower  ciui  tliis  cut  oncouiiU*re<l  what,  is  known  as  the  Big 
vein  of  massive  corundum,  tlu^  cut  having  followed  on  a  contact 
vein  of  crystal  corundum.  PI.  XII  is  a  photograph  of  this  cut,  which 
shows  the  gneiss  very  distinctly  on  the  left  and  the  i)eridotito  on  the 
right,  with  the  shaft  house  in  the  foregi-ound. 

The  Big  vein  of  massive  corundum,  for  which  this  mine  is  noted, 
is  at  the  foot  of  the  south  sloi)e  of  the  hill,  and  h*us  l>een  followed  from 
the  lower  end  ot  the  cut  (I,  fig.  12)  for  a  distance  of  over  300  feet, 
represented  by  the  dotted  lines,  with  the  shaft  house  (4,  fig.  12)  near 
the  western  end.     Although  this  vein  is  near  the  contac^t  of  the  peri- 
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Via.  1:J.-  Map  of  th«  in^ridotito  formation  nt  I^nrol  C'n»ck,  Ralmn  Coaiity,  Gh. 


dotitc  with  the  gneiss,  it  is  s(*parat(»d  from  it  by  a  band  of  poridotite 
and  a  snuill  vein  of  sand  <M)rundum.  There  is  some  doubt  whether 
the  block  of  gneiss  (i\  tig.  12)  is  entirely  surrounded  by  the  perido- 
tite  or  whether  it  pcnetralx's  the  peridot it(?  from  the  main  mass  of 
gneiss.  From  what  (M)uld  l)e  setMi,  and  from  inf(n'nuition  obtained 
from  !Mr.  Andy  Evans,  foreman  of  the  mine,  it  has  very  much  the 
appearance  of  l)eing  entirely  inclosed  in  the  mass  of  i)eridotite.  The 
Big  vein,  whi(*h  has  Ix^en  worked  by  an  inclined  shaft  116  feet  deep, 
witli  tunnels  .*iO()  feet  in  length  running  from  this,  has  brought  the  work 
uj)  to  the  block  of  gneiss  just  referred  to,  and,  according  to  Mr.  Evans, 
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SOUTH  CAROLINA. 

'  In  the  northeastern  part  of  York  County,  from  3  to  4  miles  west  of 
the  Catawba  River,  on  the  land  between  Allison  and  Crowder  creeks, 
corundum  has  been  found  in  a  belt  about  200  to  300  yards  wide  which 
skirts  alonjj^  the  western  slopes  of  Nannies  Mountain.  This  locality 
is  alx)ut  12  miles  northeast  of  Yorkville,  S.  C,  and  25  miles  southwest 
of  Charlotte,  N.  C. 

Mining  oi>erations  have  been  carried  on  at  two  distinct  portions  of 
this  l)elt,  (me  a  mile  nortli  of  the  summit  of  Nannies  Mountain,  on 
the  proi)erty  of  Alexander  Rickard.  The  work  done  here  consists  of 
a  shaft  al)out  35  feet  deep,  from  which  several  drifts  have  been  run, 
which  penetrate  what  is  probably  a  li^ht-gi'ay  granite,  but  it  is  much 
decomposed  and  of  a  sandy  constituency.  The  only  solid  material 
encountered  were  irregular  masses  of  black  cleavable  corundum  asso- 
ciated with  muscovit.e  mica.  In  the  surrounding  fields  float  corundum 
ranging  in  size  from  small  particles  to  masses  of  several  pounds  in 
weight  are  abundant,  and  many  tons  of  this  have  been  picked  up  and 
shippc^d. 

A  little  to  the  west  of  the  south  end  of  Nannies  Mountain,  about 
1^  miles  from  the  Rickard  mine,  there  is  a  similar  occurrence  of 
corundum.  Then^  have  l>een  a  number  of  shallow  cuts,  ditches,  an<l 
pits  mad(»  in  prospecting  for  corundum,  but  apparently  none  wjis 
found  in  place.  The  corundum  that  was  found  is  often  wrappinl  in 
micta. 

The  mode  of  origin  of  this  corundum  has  not  been  determined,  for 
up  to  the  present  time  the  exact  nature  of  its  occurrence  is  not  deti- 
nitely  understoml,  as  no  exposure  of  the  corundum  can  be  seen  which 
shows  its  relation  to  the  rock  in  which  it  occurs.  Neither  can  it  be 
stated  whether  it  is  to  Ik»  found  in  quantity. 

PENNSYLVANIA. 

The  corundum  in  this  State,  so  far  as  can  l)e  learned,  is  all  associated 
with  the  serpentine  rocks  in  Chester  and  Delaware  counties  and  occurs 
near  the  contact  of  this  rock  with  the  gneiss.  Considerable  feldspar 
(plagioclase)  similar  to  that  described  from  the  IMg  vein  at  Buck 
Creek,  N.  C,  is  usually  crystallized  out  with  the  corundum. 

Corundum  has  been  found  more  abundantly  near  Unionville,  in 
Newlin  Townshi]),  Chester  C'ounty.  It  is  found  here  in  a  mass  of  ser- 
pentine rock,  with  an  average  width  of  about  800  feet  and  a  length  of 
1  mile.  A  number  of  tons  of  corundum  have  been  obtained  froin  this 
mine,  but  during  the  last  ten  yeai-s  little  or  no  work  has  been  carried 
on  here.     Associated  with  the  corundum  are  tourmaline  and  spinel. 

MONTANA. 

Most  of  the  corundum  that  has  })een  found  in  Montana  has  been  of 
tlie  sapphire  variety,  but  at  one  locality  near  Bozeman,  Gallatin 
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a  little  work  was  done  farther  to  the  east  which  showed  the  corundum 
vein  to  extend  on  the  south  side  of  the  block  of  gneiss,  and  it  is  not 
at  all  improbable  that  this  vein  continues  as  represented  by  the  dotted 
line  3.  O^n  cuts  on  the  east  and  west  side  of  this  block  of  gneiss 
have  followed  contact  veins  of  corundum.  PI.  XIII,  A,  is  a  pho- 
tograph of  the  peridotite  formation  near  the  cut  on  the  east  side. 
Little  work  has  been  done  at  Laurel  Creek  except  on  contact  veins, 
the  principal  exception  being  a  small  d unite  vein  (6  in  fig.  12)  near 
the  west  end  of  the  formation,  from  which  considerable  corundum 
was  obtained,  but  the  vein  soon  began  to  pinch  out.  PI.  XIII,  B,  is 
a  photograph  of  this  vein,  showing  both  the  hanging  and  foot  walls  of 
peridotite.  At  5,  fig.  12,  considerable  work  has  been  done,  and  some 
large  crystals,  for  which  this  mine  is  noted,  were  obtained  here. 

This  is  perhaps  the  most  famous  corundum  mine  in  this  country, 
and  has  furnished  ore  from  which  an  exceptionally  good  commercial 
product  has  been  obtained. 

It  has  not  been  worked  since  1804,  when  the  tunnels  and  shafts 
of  the  Big  vein  were  cut  off  by  the  slipping  of  a  large  block  of  the 
peridotite  formation,  nearly  a  200-foot  cube.  It  is  that  portion  of  the 
formation  represented  on  the  map  (fig.  12)  l>etween  the  open  cut  (1) 
and  the  cut  to  the  west  of  the  block  of  gneiss  (2). 

Track  Rock  mine. — The  location  of  this  mine  is  in  the  northeastern 
part  of  Union  County,  Ga.,  on  the  south  side  of  Track  lloc^k  Gap. 
The  corundum  occurs  in  a  peridotite  formation,  which  is  very  much 
decomposed  on  the  surface,  there  being  very  little  visible  but  a  mass 
of  chlorite-schist  containing  more  or  less  actinolite.  A  tunnel,  hav- 
ing its  upper  end  75  feet  below  the  surface,  has  been  run  in  on  the 
formation  for  about  200  feet,  with  short  branching  tunnels  at  several 
points.  From  the  material  cut  through  by  the  tunnel,  which  was 
examined  by  King,^  of  the  Georgia  geologi(*al  survey,  the  rock  was 
found  to  be  an  altered  peridotite,  made  up  of  small  grains  of  chrysolite 
surrounded  by  actinolite,  and  containing  many  grains  of  magnetite. 
It  may  be  that  the  original  of  this  rock  was  the  peridotite  amphibole- 
picrite. 

All  the  work  that  has  been  done  at  this  mine  has  been  entirely  within 
the  formation,  and  the  best  results  would  be  obtained  near  the  eon- 
tact  of  this  rock  with  the  surrounding  country  rock. 

Foster  mine. — This  mine,  which  is  located  in  the*  northeastern  part 
of  Towns  County,  Ga.,  just  over  the  North  Carolina  line,  has  been 
<lescribed  with  the  other  mines  occurring  in  this  vicinity  under  the 
head  of  "Corundum  in  North  Carolina,"  on  page  OO.  The  corundum 
occurs  in  a  quartz-schist,  and  the  property  is  owned  by  the  Corundum 
Mining  and  Manufacturing  Company,  of  Philadelphia,  Pa. 


»  Bun  Geol.  Survey  Georgia  No.  2,  1884,  p.  93. 
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average  depth  of  20  feet  for  the  entire  distance.  Emer}'  varying  in 
width  from  3  to  20  feet  was  encountered  throughout  nearly  the  entire 
length  of  the  cut. 

This  mine  was  reopened  in  1899,  a  shaft  87  feet  deep  having  been 
sunk  on  the  vein  near  the  southern  end  of  the  cut  and  drifts  run  out 
from  this.  Margarite  is  the  most  conspicuous  accessory  mineral,  and 
specimens  that  can  rarely  be  excelled  have  been  found  here. 

Continuing  nearly  half  a  mile  to  the  north  on  the  vein  and  near 
the  top  of  the  mountain  is  the  Melvin  mine.  There  is  a  shaft  here 
40  feet  deep,  from  which  drifts  are  being  run.  This  shaft  is  but 
1,250  feet  from  the  head  of  the  upper  tunnel  of  the  Old  mine,  the  next 

one  to  the  north.  It  is 
in  this  Old  mine  that  the 
most  extensive  work  has 
been  done.  Fig.  14  is  a 
cross  section  of  its  under- 
ground workings.  The 
mouth  of  the  lowest  tun- 
nel is  but  8  feet  above 
Walker  Brook  and  75  feet 
to  the  south  of  it.  As  is 
seen  from  the  diagram,  the 
emery  (Uws  not  occur  con- 
tinuously throughout  the 
vein,  but  in  pockets  or 
chimneys  which  dip  into 
tlie  vein  about  30'  N. 
From  the  work  already 
done  these  seem  to  hold 
this  direction  rather  con- 
stantly, so  that  the  pock- 
ets can  l)e  approximately 
located  at  a  given  depth. 
It.  was  in  the  first  chimney 
of  emery  (see  map,  fig.  13) 
that  the  Ix^autiful  si)ecimens  of  diaspora,  for  which  this  mine  is  noted, 
were  found. 

Noi-th  of  Walker  Brook  and  about  500  fet^t  from  the  Old  mine 
is  the  Macia  mine,  wheiv  a  small  amount  of  surface  work  lijis  lieen 
done.  Near  the  lieml  of  a  small  ravine  a  tunnel  was  started  on  the 
west  of  the  vein  to  intercept  it,  but.  work  wjvs  discontinued  before  the 
vein  was  reached. 

The  next  opening  is  near  the  highest  point  of  the  vein  on  the 
eastern  slope  of  (lobble  (North)  IVIountain^  about  three-fourths  of  h 
mile  north  of  the  Macia  mine,  and  is  known  as  the  Sackett  mine.  At 
this  part  of  the  vein  there  was  a  considerable  quantity  of  magnetite 
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that  was  practically  free  from  coriinduni  and  was  mined  as  an  iron 
ore.  This  mine  was  worked 
very  extensively  over  twenty 
years  ago,  but  had  been  aban- 
doned until  1899,  when  it 
was  reopened.  The  old  works 
were  near  the  highest  point  of 
the  vein,  on  the  slope  of  the 
moimtain,  and  were  worked 
for  about  30  feet.  The  new 
work  was  started  117  feet  be- 
low the  mine,  and  a  tunnel 
from  the  east  side  was  run  114 
feet  to  the  vein.  When  this 
was  reached  a  shaft  and  tun- 
nels were  started.  At  this  mine 
the  corundum  occurs  in  what 
might  be  called  porphyritic 
crystals  of  a  bronze  color, 
which  are  from  5  to  15  mm. 
across.  Here  blue  and  white 
masses  of  corundum  weighing 
several  pounds  have  been 
found,  and  small,  well-formed 
blue  crystals  are  also  frequent. 
A  little  north  of  this  mine,  in 
an  old  ox)ening,  a  cross  vein 
of  chlorite  was  encountered 
which  carried  a  great  many 
almost  perfect  cubes  of  pyrite 
and  radiating  groups  of  black 
tourmaline. 

The  last  opening  on  the  vein 
where  there  has  been  any  work 
is  at  the  Snow  mine,  over  a  mile 
north  of  the  Sackett  mine.  A 
Ismail  open  cut  was  made  that 
exposed  the  vein,  3  feet  in 
width.  Between  these  two 
mines  and  also  from  the  Snow 
mine  north  to  the  river  the 
vein  can  be  followed  almost 
continuously. 

While  the  vein  can  be  fol- 
lowed nearly  the  whole  dis- 
tance, the  emery  does  not  occur  throughout  its  entire  length,  fo\-  v\.  \^ 
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often  ill  a  series  of  pockets  that  are  frequently  connected  with  each 
other  along  the  strike  by  a  thin  streak  of  chlorite  and  have  a  general 
dip  in  the  vein  of  about  N.  30°.  In  the  direction  of  the  dip,  however, 
the  emery  is  more  or  less  continuous.  The  width  of  the  vein  varies 
from  a  few  feet  to  10  or  12,  with  an  average  width  for  the  emery  of 
about  0  feet.  This  is  the  most  extensive  deposit  of  emery  known  in 
this  country. 

Emery  has  also  been  discovered  in  the  vicinity  of  Huntington,  Mass., 
but  no  development  work  has  as  yet  teen  done. 

NEW   YORK. 

The  emery  deposits  of  this  State  occur  associated  with  the  norite 
rocks  in  West^jliester  County  that  have  been  described  on  page  26. 
Deposits  of  magnetite  and  emery  have  been  found  at  a  number  of 
places  3  to  4  miles  southeast  of  Peekskill.  These  deposits  vary 
considerably  in  character,  some  being  a  nearly  pure  magnetite,  others 
containing  magnetite  and  spinel,  and  still  others  magnetite,  spinel, 
and  corundum.  Those  within  a  mile  north  and  northeast  of  Crugers 
Station  have  been  worked  for  iron  ore,  while  those  worked  for  emery 
are  in  the  southeastern  part  of  Cortland  Township.  The  principal 
openings  have  been  made  on  a  ridge  running  north  from  Colabaugh 
Pond  and  it  is  here  that  the  ore  has  been  mined.  While  the  iron  ore 
and  emery  appear  to  Ik*  very  rich  it  was  found  upon  examination  that 
th(»re  was  more  or  less  of  a  dark-green  mineral  mixed  with  magnetite, 
and  this  mineral  was  vshown  by  Williams^  to  be  the  pleonaste  variety 
of  spinel.  There  is  also  considerable  spinel  in  the  emery,  and  even 
when  this  is  quite  abundant  it  can  not  be  distinguished  in  the  hand 
sptM'imens  from  that  in  which  there  is  almost  none  of  this  mineral. 

At  the  emery  d(»posits  in  the  southeastern  part  of  Cortland  Town- 
ship the  percentage  of  corundum  varies  considerably  at  different 
openings,  and  it  is  sometimes  observed  in  small  blue,  white,  and  color- 
less crystals.  AssoeiaU^d  with  most  of  the  corundum  there  is  spinel, 
and  considerable  of  the  ore  that  has  been  mined  for  emery  has  con- 
taine<l  little  or  no  corundum  and  has  been  made  up  of  magnetite 
and  spinel.  An  oi*e  of  this  sort  would  have  most  of  the  requisite 
properties  of  a  true  emery  except  the  high  degree  of  hardpess  due  to 
the  corundum;  and  when  made  up  into  a  wheel  it  would  not  have 
the  cutting  et!iciency  of  a  true  emery  wheel.  The  spinel,  which  is  8 
in  hardness  (corundum  being  D),  would  play  the  same  part  in  this  ore 
as  corundum  in  the  true  emery,  and  while  not  so  hard  as  corundum 
it  has  the  cutting  ([ualities  which  would  give  the  ore  considerable 
value  as  an  abrasive.  For  numy  purposes  wheels  made  from  this 
could  be  used  fully  as  well  as  emery  or  corundum  wheels  and  for 
some  purposes  they  might  b<»  used  to  better  advantage.  The  spinel 
would  not  interfere  at  all  in  the  manufacture  of  a  vitrified  wheel 
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Some  of  the  ore  that  has  been  mined  here  carries  a  very  high  per- 
centage of  garnet. 

The  analyses  that  have  been  made  of  this  ore  all  show  a  high  per- 
centage of  alumina,  which  was  to  be  expected,  as  the  spinel  is  an 
alumina  mineral,  (MgFe)O.Al203,  containing  about  50  per  cent  of 
this  oxide.  An  error  is  very  often  made  in  judging  the  percentage  of 
corundum  in  an  ore  by  calculating  as  corundum  the  total  percentage 
of  alumina  obtained  in  a  chemical  analysis,  which  would  represent, 
however,  the  alumina  contained  in  all  the  aluminous  mineral  compo- 
nents of  the  ore. 

Some  of  the  ore  at  these  mines  is  undoubtedly  a  true  emery,  but  a 
considerable  portion  of  it  is  a  mixture  of  spinel  and  magnetite,  which, 
while  not  a  true  emery,  will  make  a  useful  abrasive.  This  whole  ore 
body  might  be  called  a  spinel-emery. 

From  what  has  been  said  regarding  the  occurrence  of  the  emery  in 
these  Peekskill  deposits,  their  pocket}^  nature  is  what  would  be 
naturally  expected  and  this  has  been  characteristic  of  all  the  mining 
that  has  been  done  in  this  district. 

The  Jackson  Mills  Company,  of  Easton,  Pa.,  is  now  the  largest 
miner  in  this  section.  It  has  leased  the  emery  deposits  on  the  land 
of  Isaac  McCoy,  3  miles  southeast  of  Peekskill.  Its  principal  work  is 
on  the  summit  of  a  hill  about  one-half  mile  south  of  McCoy's  house 
and  consists  of  an  open  cut  40  to  50  feet  deep,  40  feet  long,  and  12 
to  20  feet  wide.  The  emery  ore  is  from  4  to  0  feet  wide,  but  is 
broken  up  by  bands  of  serpentine  and  chloritic  rocks.  In  some  of 
the  ore  the  corundum  is  very  distinct,  occurring  in  elongated  bluish 
white  crystals  up  to  5  mm.  long.     This  ore  is  very  free  from  garnet. 

Another  deposit  of  emery  has  been  encountered  oO  feet  below  the 
summit,  and  still  another  25  feet  farther  down.  No  mining  has  l)een 
done  at  either  of  these  localities. 

The  ore  is  hauled  by  teams  to  Peekskill,  where  it  is  shipped  by  rail 
to  Easton,  Pa. 

On  a  hill  1  mile  east  of  the  McCoy  mine  II.  M.  Quinn,  of  Phila- 
delphia, Pa.,  has  mined  on  the  land  of  John  II.  Buck  by.  Pockets  of 
emery  were  encountered  on  the  summit  of  the  hill  and  at  a  numl)er 
of  points  on  its  western  slope,  but  they  soon  pinched  out.  About  50 
feet  below  the  summit  a  face  of  rock  15  to  20  feet  high  and  40  feet 
across  has  been  exposed.  The  only  emery  seen  here  is  the  remnant 
of  a  pocket. 

As  far  as  could  be  learned  the  emery  deposits  of  the  Tanite  Com- 
pany of  Stroudsburg,  Pa.,  are  also  leased.  Tlu^y  ^tre  on  the  lands  of 
Henry  Heady,  Oscar  Dalton,  and  David  Chase,  and  are  for  the  most 
part  similar  to  the  deposits  just  mentioned.  The  ore  on  the  land  of 
Henry  Heady  is  composed  largely  of  garnet,  and  a  considerable  por- 
tion of  it  has  been  shipped  by  the  Tanite  Company  to  their  mill  at 
Stroudsburg. 
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NORTH    CAROLINA. 

While  corundum  has  been  known  to  occur  in  quftntity  in  this 
SlaU>  for  over  thirty  years,  emery  has  until  recently  only  been  known 
from  one  locality,  and  here  the  quantity  was  not  apparently  sufficient 
to  be  wx)rthy  of  any  development.  This  deposit  has  been  described 
by  Genth^  as  occurring  at  the  McChristian  place,  7  miles  south  of 
Friendship,  (Guilford  County. 

During  the  past  few  years  emery  has  l)een  found  in  Macon  County 
in  w hat  appeai-s  to  be  considerable  quantity.  Nothing  definite  can 
be  state<l  regarding  the  rock  in  which  it  occurs,  as  it  is  greatly  decom- 
posed as  far  as  it  has  l>ecn  exposed  by  the  excavations.  It  does  have, 
however,  very  much  th<*  appearance  of  a  decomposed  basic  niagne- 
sian  rock.  There  are  a  numl>er  of  small  out<?rops  of  this  saprolitic 
rock  about  o  miles  southwest  of  Franklin,  the  county  seat,  and  emery 
in  varying  quantitj*  occurs  at  all  of  them. 

These  out^,roi)s,  as  far  as  could  he  judged,  are  isolated  and  in  no 
way  connected  with  one  another.  They  are  lenticular  in  form  and 
but  a  few  hundred  feet  wide,  the  longer  axis  being  sometimes  two  or 
three  times  this.  While  the  g(Mieral  dii'ection  of  the  strike  of  these 
outcrops  is  nearly  tlie  same,  t  hey  an^  not  in  even  an  approximate  line 
as  regards  one  another.  For  ne^irly  15  miles  south  of  these  and  fol- 
lowing the  valley  of  the  JJt tic  Tennessee  River  small  isolated  outci^ops 
of  peridotite  are  numerous.  The  country  rock  through  which  these 
have  forced  their  way  is  a  hornblende-gneiss. 

C'onsiderable  mining  was  <lon(»  two  years  ago  by  Dr.  II.  S.  Lucas, 
of  Franklin,  at  the  Fairview  mine  near  North  Skeener  Gap,  alxnit  a 
hundred  tons  of  ore  having  been  taken  out  and  cleaned.  The  vein 
has  iH^en  tappinl  at  intervals  for  a  distance*  of  nearly  i^OO  feet,  good 
emery  IwMiig  encountered  at  each  opening.  All  the  work  done  was 
near  the  summit  of  Fairview  Knob. 

One  mile  N.  2/)'  W.  of  th(^  Fairview  mine,  on  the  southwest  sloi)e8 
of  Dobson  Mountain,  another  opening  has  been  made  for  emery  in  au 
outcroj)  of  the  same  rock  on  th(»  land  of  ,1.  A.  Waldroop.  A  vein  of 
emery  ore  was  uncovered  here  that  was  lo  feet  wide.  No  mining  has 
lx»en  done  here,  all  t  h(^  work  being  in  the  nature  of  prospecting. 

Emery  has  been  found  in  similar  outcrops  on  the  lands  of  William 
Mann,  Ihree-fourths  of  a  mile  south,  and  of  James  Ledfonl,  one  ami 
one-fourth  miles  S.  3n    K.  of  the  Fairview  mine. 

Preliminary  lire  tests  w(»r(»  made  upon  the  cleaned  pixxiuct  of  this 
ore,  which  proved  it  to  be  well  adapted  for  use  in  the  manufacture  of 
the  vitrified  wheel. 

METHODS   OV   MIXIXC;    CORUNDUM, 

In  considering  the  methods  used  in  mining  corundum,  it  must  be 
borne  in  mind  that  uj)  to  the  pres(Mit  time  it  has  been  obtained  in  quan- 
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tity  only  where  it  has  ])een  associated  with  peridotite  rocks.  These 
rocks,  as  will  be  shown  lat-er,  present  certain  difficulties  which,  if  not 
overcome,  will  cause  considerable  delay  and  danjj^er  in  mining.  The 
emery  occurring  in  amphibolite  presents  these  difficulties  in  only  a 
slight  degree. 

Nearly  all  of  the  peridotite  formations  in  which  the  corundum 
deposit^a  occur  are  bold  outcrops  on  the  mountain  sides  and  hilltops, 
having  almost  perfect  natural  drainage.  At  all  the  localities  where 
there  has  been  no  mining  the  little  prospecting  has  been  usually  by 
means  of  open  cuts  supplemented  by  tunnels.  While  at  first  mining 
by  means  of  cuts  may  seem  to  l)e  the  most  advanta^geous,  it  is  soon 
found  to  be  the  cause  of  considerable  extra  expense.  These  cuts,  or 
any  other  openings  made  over  the  surface  of  the  pt^ridotite,  offer  a 
much  greater  opportunity  for  surface  water  and  frost  to  i^^'netrate  the 
mass  of  the  rock  formation.  These*  rocks  are  more  or  less  seamed  or 
cracked,  usually  to  the  depth  that  altc^ration  can  extend,  and  thus 
offer  opportunities  for  the  infiltration  of  water.  As  most  of  the  alter- 
ation products  of  this  peridotite  formation  are  slippery  liydrous  mag- 
nesium minerals,  such  as  serpentine  and  talc,  and  as  theso  are  devel- 
ope<l  in  the  seams  and  cracks  of  the  peridotite,  anything  that  is  done 
to  disturb  them  will  make  them  very  liable  to  slip.  At  the  Corundum 
Hill  mine  there  are  large  masses  of  iK^ridotite  that  have  iK^come  loos- 
(»ned  and  gradually  slipped  down  and  closed  up  some*  of  the  tunnels, 
and  there  is  constant  danger  that  fragments  of  the  rock  will  fall  into 
the  cuts  and  some  of  the  tunnels.  At  the  Laurel  Creek  mine,  a  mass 
of  peridotite  with  soil,  etc.,  nearly  a  200- foot  cube,  has  become  loos- 
eneni  and  slipped  downward,  effectuall}'  closing  up  the  tunnel  and 
shaft  of  the  Big  vein. 

In  mining  corundum  associat.ed  with  peridotit-e  rocks  it  is  therefore 
advisable  not  to  break  the  surface  of  the  formation  any  more  than  is 
absolutely  nect^ssary  and  to  do  no  work  at  all  along  the  contact  by 
means  of  open  cuts,  but  to  confine  the  mining  to  a  system  of  tunnels 
and  shafts.  This  method  of  mining  will  be  found  the  cheapest  in  the 
end.  Then,  again,  all  the  tunnels  and  shafts  should  be  well  timlx^nKl 
and  the  mine  kept  as  thoroughly  drained  as  possible. 

A  large  amount  of  the  material  that  must  b(*  handled  is  easily 
worked  with  pick  and  shovel,  as  it  consists  of  the  crystals  and  frag- 
ments of  corundum  in  the  zone  of  chlorite  and  vermiculite.  In  those 
veins  in  which  the  corundum  is  associated  with  feldspar,  as  at  Laui'el 
Creek  and  Buck  Creek,  and  those  where  there  is  considerable  amphi- 
bole  or  enstatite,  as  at  Corundum  Ilill,  blasting  is  necessary.  3Iost  of 
the  corundum  deposits  in  peridotite  are  so  lociited  that  there  need  be 
but  little  hoisting  of  the  ore  for  some  time.  By  drifting  from  a  shaft 
at  the  upper  end  of  a  tunnel  that  has  been  run  into  the  vein  at  tlie 
lowest  level  possible  the  ore  can  be  removeil  with  a  minimum  of  hoist- 
ing and  the  mine  will  be  kept  dry. 

If  the  mill  is  located  some  distnuoA'  from  the  lume  awiV  a  \\\\^  ol 
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sluice  boxes  can  Ik*  built,  the  more  or  less  finel}'  divided  ore  may  l>e 
carried  to  it  by  means  of  these.  In  this  wa}-  the  oi-e  is  partially 
cleaned  by  the  time  it  reaches  the  mill.  This  is  the  method  employed 
at  the  Corundum  Hill  mine. 

Where  the  corundum  occui-s  in  a  gneiss,  quartz-schist,  or  syenite, 
there  shouhl  be  no  difllculty  in  mining  by  means  of  open  cuts. 

MKTHODS  OF  CT^KANING  COllirN^DUM. 

The  <lifT(^rence  between  the  commercial  prcnluct  and  the  ore  as  it 
comes  from  the  mine  is  that  the  latter  has  l)een  freed  as  far  as  i)ossi- 
ble  of  all  impurities,  so  that  the  resulting  product  is  or  should  be 
nearly  i)ure  corundum  or  emery.  Most  of  the  impurities  are  easily 
removed  by  conveying  t  he  crushed  ore  into  boxes  through  which  a 
stream  of  water  runs,  which  is  so  regulated  that  the  corundum  readilj' 
settles  to  th(^  bottom  of  the  ti*ough  and  the  lighter  minerals  are  car- 
ried off.  Befon*  this,  howev(^r,  the  crushed  ore  is  sieved,  and  all 
that  will  not  pass  through  a  No.  12  screen  is  recrushed  and  passed 
lji»tw(*en  i*ollers  until  it  is  reduced  to  the  desired  size.  This  wash- 
ing process  will  remove  only  the  impurities  that  are  entirely  separated 
from  the  jMirticles  of  corundum,  but  there  an}  usually  some  of  the 
impurities  attached  U>  the  i)articles  or  grains  that  have  to  be  removed 
by  another  pnx'ess.  The  product  is  passcnl  through  a  machine  known 
as  th(^  screw  or  scouring  machine,  in  which  there  is  a  coarse  worm 
similar  to  the  scn^w  conveyer.  This  grinds  out  almost  all  of  the  impu- 
rities, an<l  these  are  s(^parated  by  again  subjecting  them  to  the 
washing  process.  The  final  impurities  are  separatcMl  fi-om  the  parti- 
cles of  corundum  by  means  of  a  machine  called  the  "rauller**  or 
''chaser"  (s<m^  PI.  XIV).  The  principle  of  t  his  is  to  cause  each  grain  of 
coiMindum  to  rub  against  another  and  thus  wear  away  the  adhering 
foreign  substancc^s.  The  machine  consists  of  a  shallow  tub,  in  which 
are  two  heavy  wooden  roUei-s  which  move  around  its  cireamference. 
The  freshly  ground  corundum  (m  l)eing  thrown  into  these  tubs  is  kept 
constantly  stirred  uj)  and  then  pressed  down  by  the  rollers  being 
pass(Ml  over  it.  Tii  this  way  the  scouring  motion  is  kept  up  between 
the  grains.  Tlu»  impuriti(*s  an*  thus  gradually  worn  away  and  are 
(*ariie<l  olT  !)y  a  slrc^am  of  waU^r  that  flows  continually  through  the 
tub.  The  eorundum  in  the  tub  is  k(»pt  stirred  up  by  men  with  hoes 
(n-  by  pl()w-sha])(»d  iron  bladc^s  in  front  of  the  wooden  rollers.  It 
usually  HMiuires  from  four  to  (Mght  hours,  accoi*ding  to  the  nature  of 
the  impurities  thai  are  attached  to  tin*  corundum  grains,  to  obtain 
a  cb'an  product. 

There  are  two  methods  of  drying  this  product,  by  either  of  which  it 

is  removed  tVoni  the  mullers  and  allowed  to  lie  overnight  on  inclined 

floors.     ]>y  on<^  nu^thod  this  product  is  conveyed  by  elevator  belts  to 

the  second  floor  of  the  mill  and  dropped  vertically  for  a  distance  of 

^'(^  to  M  fcf'l  (Jown  the  stack  of  a  lurnact*.    At  the  bottom  it  strikes  an 
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inclined  surface  that  is  just  above  tlie  flames  of  the  furnace  and  slides 
down  this  surfaix^  into  an  iron  box.  By  the  other  nietho<l  the  wet 
product  is  thrown  in  at  the  iipi)er  end  of  an  ii^on  cylinder,  open  at 
both  ends,  which  revolves  alniut  a  coil  of  steam  pi{)es.  One  end  of 
the  cylinder  is  lower  than  the  other,  and  the  wet  mass  is  alternately 
carried  up  by  the  revolving  cylinder  and  dropped  on  the  hot  coil  of 
piix^s,  and  so  ^adually  worked  toward  the  lower  end,  where  it  is 
caught  in  a  hopper  and  conveyed  l)y  elevator  belts  to  the  sizing  room, 
llei-e  it  is  automatically  screened  to  the  various  sizes. 

On  PI.  XIV,  .4  and  B,  are  views  of  the  ext-erior  and  interior  of  the 
corundum  mill  at  Cull^isagee.  In  the  foreground  of  B  are  the  boxes 
in  which  the  oi*e  is  fii-st  washed  and  just  l)eyond  thesi*  are  the  mullers. 

Only  within  the  last  few  years  has  any  attempt  been  ma<le  to 
improve  the  metho<ls  of  concentrating  and  cleaning  corundum.  'I'here 
are  now  a  numbiM-  of  companies  that  have  installed  complete  con- 
centrating mills,  similar  to  those  used  in  concentrating  gold  orc\s,  but 
modified  to  suit  corundum  on^  While  all  are  using  jigs  for  the 
coai-ser  sizes  of  the  crushed  ore,  some  are  using  Frue  vanners  and 
others  Bartlett  or  Wifiey  tables  for  the  finer  sizes.  This  method 
works  very  satisfactorily  for  concentrating  the  corundum,  and  if, 
during  the  crushing  and  rolling  of  the  ore,  the  corundum  is  largely 
separated  from  the  associated  minerals,  a  nearly  cleaned  product 
is  obtained.  It  is  necessary,  however,  to  subject  the  larger  part  of 
the  concentrates  to  some  process  similar  to  that  i)erformed  by  m unci's, 
to  free  the  grains  of  corundum  from  other  minerals  attached  to 
them. 

A  new  machine — the  Hooper  pneumatic  ccmcent  rator — (*an  also  proln 
ably  l>e  usc^d  to  advantage  in  ccmcentrating  corundum  ores. 

Any  other  minerals  that  will  be  likely  t^)  remain  with  the  corundum 
in  the  concentrates,  as  garnet,  pyrite,  etc.,  can  undoubtedly  be  sepa- 
rated by  means  of  the  Wetherill  magnetic  conc(^ntrator.  Unless  these 
minerals  are  unattached  to  the  particles  of  <*orundum  then*  will  be  a 
considerable  loss  of  corundum  by  this  separation. 

IT8K8  OF  COUITNOUM. 

Corundum  is  used  for  only  two  general  purposes,  as  gems  and  as  an 
abrasive. 

The  varieties  of  corundum  that  are  of  value  as  gems  have  been 
descril>ed  on  page  39,  and  the  many  uses  that  are  made  of  the  cut 
stones  in  the  jewelry  trade  are  too  well  known  to  nec^d  more  than  a 
passing  notice  here.  One  use  of  the*  corundum  gc^n  that  is  perhaps 
worthy  of  notice  is  in  supplying  jewels  for  watch(»s.  In  a  recent 
notice  from  the  Swiss  agency  of  pr(»cious  stones  for  wat<*lies,  Aai'burg, 
Switzerland,  it  said  that  75,0()0,0()()  wat<'h  jewels  are  required  annually. 
With  the  increase  of  production  of  gem  corundum  in  this  country  a 
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great  deal  of  the  smaller  fragments  could  and  should  be  utilized  in  the 
manufacture  of  watch  jewels. 

Hoth  corundum  and  emery  are  used  in  the  manufacture  of  abrasive 
materials,  and  these  are  on  the  market  in  three  forms,  as  wheels  and 
blocks  of  various  shai>es  and  sizes,  as  emery  paper,  and  as  grains  or 
I)owder.  The  last  two  need  no  further  explanation,  but  a  description 
of  the  first  is  of  importance. 

The  shajios  of  the  corundum  and  emery  wheels  and  bricks  or  stones 
are  extrenu^ly  varied,  being  adapte<l  to  all  kinds  of  grinding.  The 
principle  of  these  wheels  is  the  same  as  that  of  the  rotary  files,  and 
as  the  points  of  a  file  l>ecome  dull  from  using,  so  also  do  the  grains  or 
X>oints  of  the  emery  and  corundum  in  the  wheel.  In  making  a  wheel 
it  is  nec(\ssary,  therefon*,  to  make  it  of  such  ^  temper  or  grade  that 
when  these  grains  l)ecome  dull  or  rounded  they  will  fall  away  or  will 
be  remlily  removed  by  a  truing  tool,  leaving  fresh,  sharp  grains 
exposed.  The  grade  of  a  wheel  depends  ui)on  the  eharactiCr  of  the 
work  for  which  it  is  to  1h>  used,  and  the  bond  should  be  such  that  it 
will  wear  away  a  little  faster  than  the  corundum  or  emery,  and  thus 
always  leave  the  sharp  edges  ready  for  cutting.  The  greatest  economy 
is  (effected  when  the  bond  doi\s  not  wear  away  until  the  grains  of  emery 
or  corundum  have  l)ec(nne  rounded  or  dulled,  tlius  permitting  the 
wheel  U)  do  its  greatest  amount  of  work. 

Before  leaving  th(»  factory  all  wheels  should  be  thoroughly  tested  to 
a  higher  strain  than  that  to  which  they  are  to  be  subjected  in  actual 
us(^;  as  the  wheels  have  to  be  run  at  a  very  high  velocity'  in  order  to 
secure  the  greatest  efticiency,  there  is  at  times  but  little  reserve 
str(*ngtli,  and  a  sudden  blow  will  often  cause  them  to  fly  to  pieces. 

To  give  an  idea  of  the  numbi^r  of  different  wheels  that  the  larger 
emery-wheel  <*onij)aiiies  an*  pn^pared  to  make,  I  can  not  do  better 
than  to  HHMition  what  I  saw  and  what  was  told  me  at  the  Norton 
Emery  Wheel  Company,  of  \Vorc(»ster,  Mass.  The  wheels  are  manu- 
factuHMl  for  the  sp(*cial  work  for  which  they  ar-e  intended,  and  vary 
in  shap<%  in  bond,  and  in  grain  of  corundum.  The  sizes  of  corundum 
that  are  used  are  Nos.  li\  14,  U\,  lM),  l>4,  30,  30,  4(),  50,  54,  00,  70,  80, 
DO,  KM),  li>(),  lAO,  100,  180,  L>(K),  and  0  grades  of  flour  corundum.  The 
bond  has  l*0  degrecss  of  hardness,  represented  by  the  letters  of  the 
alphab<»t,  although  a  bond  is  s(4dom  used  softer  than  E  or  harder 
than  M.  There  are  40S  d liferent  sizes  of  circular  wheels,  so  that  the 
difl'(*rent  grades  of  wheels  possible  are  almost  unlimited. 

Th(M(»  ar(^  thn»e  types  of  wh(»els  known  to  the  trade,  the  vitrified, 
chenueal,  and  cement,  the  names  being  derived  from  the  process  by 
which  they  are  manufac^tiired.  In  the  manufacture  of  all,  the  corun- 
dum or  emery  used  is  in  grains  of  uniform  size,  but  varies  with  the 
grad(^  of  wheel  that  is  to  be  made.  The  vitrified  wheel  is  the  most 
importani  and  most  generally  used,  although  for  scmie  work  one  of  the 
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others  in  preferable,  and  for  very  large  wheels  the  chemical  is  especially 
adapted. 

VITRIFIED  WHEEL. 

In  tlie  manufacture  of  this  wheel  more  care  is  necessary  in  the 
selection  of  the  corundum,  for  in  the  vitrif action  of  the  bond  the 
foreign  minerals  containing  water  are  very  likely  to  cause  the  wheel 
to  burst.  The  corundum  grains  are  mixed  thoroughl}^  in  a  i)aste  of 
prepared  clay  and  other  fluxes,  and  the  mixture  is  then  iKJured  into 
paper  molds  and  set  aside  in  a  drying  room  until  hard  enough  to  be 
readily  handled.  When  the  molds  are  sufficiently  dry,  they  are  sub- 
jecteil  to  a  dressing  or  trimming  process  and  shaped  to  approximate 
dimensions  on  a  potter's  wheel  or  shaving  machine,  and  are  then 
further  dried. 

The  excess  of  mechanical  water  having  evaporated,  they  are  then 
ready  for  the  kilns.  The  kilns  are  cone  shaped  and  the  inside  meas- 
urements vary  from  12  to  20  feet  in  height  and  10  to  18  feet  in  diam- 
eter. When  the  kiln  is  filled  the  entrance  is  closed  and  sealed  and  the 
fires  are  started.  The  temperature  is  allowed  t^o  rise  slowly,  until  all 
the  water  of  mechanical  admixture  and  of  crystallization  in  the  for- 
eign materials  is  driven  off,  when  the  temperature  is  raised  to  about 
:],00()",  or  to  a  white  heat,  this  heating  process  reciuiring  several  days. 
Where  the  foreign  minerals  mixed  with  the  corundum  contain  water 
of  composition  that  is  driven  off  only  at  a  very  high  temperat  ure,  the 
wheels  are  apt  to  be  broken  by  this  water  coming  off  when  the  Xam- 
perature  of  the  kiln  is  raised  to  the  fusing  point  of  the  clay.  Tlie 
clay  and  other  fluxes  fuse  and  form  a  porcelain  setting  for  each  grain 
or  fragment  of  corundum,  which  makes  a  very  strong  In^nd.  The  kilns 
are  allowed  to  cool  very  slowly,  several  days  being  required  for  this. 
The  kiln  is  then  opened  and  the  wheels  are  brought  to  a  lathe,  called 
the  "truing  machine,"  where  they  are  turned  to  the  exact  dimensions 
desired,  the  hole  is  bushed  to  the  exact  size,  and  the  wheel  is  then 
trued  and  balanced  ready  for  shipping. 

The  heat  necessary  for  the  fusion  in  making  the  vitrified  wheel 
apparently  has  no  effect  upon  the  corundum  beyond  a  partial  decolor- 
ization  and  the  expulsion  of  the  slight  percentage  of  water  in  the 
corundum. 

CHEMICAL  WHEEL. 

In  this  process,  which  is  also  called  the  silicate  process,  silicate 
of  sfKla  is  used  as  the  binding  material.  The  silicate  is  thoroughly 
mixed  with  the  emery  or  corundum  and  some  drying  material  and 
tamped  into  molds.  It  is  then  subjected  to  an  '  *  oven  "  heat  for  twenty- 
four  hours,  after  which  it  is  removed  and  finishe<l  a<5Cording  to  the 
method  described  above  for  the  vitrified  wheels  after  they  are  removed 
from  the  kilns.  Wheels  have  been  made  by  this  process  that  were 
over  2,000  pounds  in  weight. 
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CEMENT  WHEEL. 

In  the  cement  wheel,  shellac,  rubber,  linse^  oil,  and  other  sub- 
stances are  used  as  the  binding  material.  This  makes  a  soft  wheel 
that  is  well  adapted  for  roll  and  surface  grinding  when  made  with 
shellac,  and  for  saw  gummers  and  thin  wheels  when  made  with  oils. 

Although  an  examination  of  a  corundum  property  may  show  the 
existence  of  considerable  quantity  of  the  mineral,  no  mining  should 
be  undertaken  until  satisfactory  tests  have  teen  made  upon  the 
corundum  to  prove  that  it  has  those  properties  that  will  make  it  of 
value  as  an  abrasive. 

The  value  of  a  corundum  (lci>osit  as  an  ore  for  abrasive  puri)oses 
depends  upon  that  proiwrty  of  the  mineral  which  enables  it  to  retain 
a  sharp  edge,  kno>vni  as  a  cutting  edge,  when  it  is  crushed  to  grains. 
All  corundums  do  not  have  this  pniperty,  and  while  many  exhibit 
this  in  the  first  stage  of  the  crushing,  the  finer  fragments  and  grains 
do  not.  This  is  more  apparent  when  the  corundum  has  been  made 
into  a  wheel,  for  when  first  used  the  wheel  may  do  good  work,  espe- 
cially if  it  is  a  coarse-grained  wheel,  but  as  it  wears  away,  the  grains 
of  corundum  become  rounded,  instead  of  breaking  to  a  cutting  edge. 
In  estimating  the  value  of  a  corundum  deposit,  it  is  therefore  verj* 
essential  to  det<^rmine  the  abrasive  qualities  of  the  corundum. 
Neither  a  chemical  analysis  nor  a  superficial  examination  of  a  corun- 
dum ore  will  determine  its  cutting  qualities,  and  this  can  be  obtained 
only  by  making  the  corundum  into  a  wheel  and  testing  it. 

In  estimating  the  value  of  an  ore  it  is  also  necessary  to  determine 
to  what  degree  of  purity  it  can  be  cleaned,  or  what  percentage  of  the 
commercial  product  will  l)e  (rorundum,  and  also  what  will  be  the 
nature  of  the  foreign  minerals.  A  foreign  mineral  will  always  be 
softer  than  the  corundum,  and  will  to  a  certain  extent  reduce  its 
abrasive  power.  Beyond  this,  tlie  presence  of  a  small  amount  of 
foreign  mineral  does  not  materially  alTect  the  value  of  the  corundum 
for  making  a  cenient  or  clieniical  wheel,  but  is  often  the  reason  for 
discarding  it  in  manufacturing  a  vitrified  wheel,  on  account  of  the 
low  fusibility  of  tlie  foreign  substance,  (rarnet  is  perhaps  the  most 
objectionable  mineral  in  a  corundum  ore,  it  being  very  difficult  to 
separate  it  from  the  corundum,  because  the  specific  gravity  of  the 
two  is  nearly  the  same.  Corundum  containing  even  a  little  of  the 
garnet  can  not  Im»  used  in  the  manufacture  of  the  vitrified  wheel. 

OTHER  USES. 

An  attempt  has  been  made  to  use  corundum  as  a  source  of  alumi- 
num, but  on  account  of  its  refractoriness  and  the  percentage  of  ferric 
oxide  and  silica  that  it  ofti'n  contains,  and  on  account  of  the  cost  of  the 
ore,  this  use  has  not  been  found  feasible. 
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The  late  Mr.  Alfred  E.  Hunt,  of  Pittsburg,  Pa.,  made  the  following 
statement:* 

The  real  difficulty  which  we  find  in  the  nse  of  comndnm  for  this  manufacture 
is  the  cost  of  the  raw  material  as  comi)ared  with  that  of  native  hauxites.  In  this 
item  we  include  not  only  the  price  of  the  corundum  as  it  has  heen  offered  to  us, 
but  also  the  expense  of  grinding  it  to  an  impalpable  powder,  which  must  be  done 
before  it  can  be  used  directly  in  the  manufacture  of  aluminum,  and  the  cost  of 
preliminary  chemical  treatment  for  purification — which  latter  operation,  however, 
is  also  requii*ed  for  bauxite. 

Corundum  has  also  been  used  as  the  source  of  the  aluminum  in  the 
manufacture  of  aluminum-copper  and  aluminum-iron  alloys.  In  the 
manufacture  of  these  the  corundum,  without  undergoing  any  previous 
treatment,  was  charged  into  an  electric  furnace  with  a  mixture  of 
carbon  and  copper  or  carbon  and  iron,  according  to  whether  aluminum 
oronze  or  ferro-aluminum  was  desired.  Since  1890,  however,  when 
alumina  began  to  be  manufactured  at  a  comparatively  low  price,  this 
artificial  oxide  has  been  used  in  the  place  of  the  corundum. 

CORtTNDUM   liOCAIilTIES   IN  THK   ITXITED   STATKS. 

Under  this  heail  are  included  practically  all  th(^  localities  iu  the 
United  States  at  which  corundum  has  been  found,  and  if  they  liave 
been  described  under  the  heading  "Distribution  of  corundum"  they 
are  simply  mentioned  here.  Regarding  the  other  localities,  the  mo<le 
of  occurrence  is  given  in  most  cases,  and  also  some  idea  of  the  extent 
and  character  of  the  corundum. 

This  list  is  probably  not  complete,  but  it  repn^sc^uts  all  those  local- 
ities that  I  have  visited  and  those  of  which  an  authenticated  record 
could  be  obtained.     It  is  taken  up  alphabetically  by  States. 

ALABAMA.' 

Dudley viUe, — Between  this  town  and  Perry  Mills,  Tallapoosa 
County,  corundum  has  been  picked  up  at  a  number  of  places  in  the 
soil,  but  none  has  been  found  in  place.  Peridotite  rocks  liave  l>een 
found  in  the  vicinity,  and  it  is  not  at  all  improbable  that  th(»  corundum 
was  derived  from  these  rocks. 

Hanover, — Corundum  has  l>een  found  sparingly  in  Coosa  County 
in  the  vicinit}^  of  this  town. 

CALIFORNIA. 

Plurnwi  County. — An  interesting  occurrence  of  corundum  has 
recently  l)een  observed  in  the  vicinity  of  Meadow  Valley.  Cutting 
the  serpentine  rocks  of  the  eastern  slope  of  Spanish  Peak  at  an  eleva- 
tion of  about  4,100  feet,  and  1^  miles  west-northwest  of  the  Meadow 
Valley  post-office,  is  a  series  of  white  coai^se-grained  dikes  that  are 

« Trans.  Am.  Ina.  Min.  Eng.,  Vol.  XXVIII,  18»8,  p.  875. 
•  G«ol.  ^nr^ey  Ala^^ma,  Report,  1875,  p.  85. 
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composed  of  84  i)or  cent  of  oligoclase  and  10  per  cent  of  corundum. 
The  corundum  is  in  crystiils  up  to  2  inches  in  lenirth  and  I  inch  in 
diameter,  the  general  habit  being  pyramidal,  and  it  is  distribute 
rather  irregularly  through  the  groundmass  of  feldspar.  This  is  a 
further  illustration  of  the  differentiation  of  a  rock  magma,  supersat- 
urated with  alumina  which  has  crystallized  out  as  corundum.  It  is 
still  uncertain  whether  these  deposits  of  corundum  will  prove  to  be 
of  commercial  importance.  ^ 

COLORADO. 

Chaffte  (JoHiily. — Corun<lum  crystals  have  been  found  at  the  Calu- 
met iron  mines  in  the  mica-schists  at  their  contact  with  intrusive  dikes 
of  diorite.  R.  C.  Ilills,  geologist  to  the  Colorado  Fuel  and  Iron  Com- 
pany, writes  that  the  ore  occurs  in  a  band  of  rock  <>  inches  to  2  feet 
thick  that  ha«  l)een  followed  for  a  distance  of  500  feet,  and  that  it 
averages  40  per  cent  of  corundum. 

CONNECTICUT. 

Litrhfield. — Corundum  was  found  here  associated  with  talc  and 
pyrite  in  a  nniss  of  blue  cyaniU^     Only  surface  specimens  were  found. 

Xaririch. — In  the  vicinity  of  this  place  corundum  was  found  spar- 
inglv  with  sillimanite. 

DELAWARE. 

Corundum  has  been  found  in  this  State  in  the  serpentine  rocks  near 
the  Pennsylvania  border.  The  only  locality  definitely  known  is  near 
Chandlers  Hollow,  in  Newcastle  County,  about  2^  miles  south  of  Con- 
cord, Delaware  C^)unty,  Pa.     It  has  been  found  only  in  small  quantity. 

GEORGIA. 

Ac  worth. — Seven  miles  southwest  of  Acworth,  Cobb  County,  there 
is  a  large  peridotit(»  formation  which  is  entirely  within  Paulding 
County.  From  a  pit  sunk  within  this  fonnation  about  1,000  pounds 
of  corundum  were  taken  out.  It  is  of  poor  quality,  but  makes  hand- 
some mineral  specim<Mis. 

Bell  Crefk  viine. — This  mine  is  4  miles  north  of  Hiwassee,  Towns 
County,  and  the  corundum,  mostly  of  a  pink  color,  occurs  in  a  peri- 
dotite.  The  work  done  consists  of  a  pit  12  feet  stjuare  by  12  feet 
deep.     Only  a  small  (luantity  of  corundum  was  found. 

(\  ntrdllmfclue, — At  this  place,  which  is  in  Heard  County,  grayish, 
white,  and  l)lue  corundum  has  been  found  in  a  matrix  of  hornblende, 
which  is  associat(»d  with  basic  magnesian  rocks. 

Douglas  County. — Blue  corundum  in  a  pale  greenish  cyaiiite. 

Foster  mine. — The  corundum  occurs  in  (luartz-schist.     (See  p.  60.) 

(roincsrilh  — Beautiful  specimens  of  red  corundum  have  been  found 
in  the  ixM'idotile  formation  1  mile  east  of  Gainesville,  Hall  County. 

J  A.  C.  Luwtiou:  Am.  (teoloj^ist,  Vol.  XXVIl,  1W)1,  p.  Vi:i;  J.  A..  Edman,  lettent  f  rom. 
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Hahershum  County, — Corumliiin  has  bet^ii  found  jis  surface  speci- 
mens at  a  number  of  localities  in  this  county,  and  at  on(^  place  in  the 
peridot  ite  formation.  There  have  l)een  no  developments  and  there 
are  no  indications  of  any  quantity. 

HumiU(yn  mine. — The  corundum  oc^cui-s  in  a  peridotite  formation 
about  5  miles  north  of  Younj?  Harris,  Towns  County.  No  hirge 
quantity  has  l)een  found. 

Hog  Creek  mine, — This  mine  is  2  miles  a  little  south  of  west  of 
Iliwassee,  Towns  County,  but  it  lacks  development.  The  corundum 
is  associated' with  peridotite,  and  is  pink,  blue,  and  whiter 

Laurel  Creek  mine, — In  peridotite.     (See  p.  63.) 

Monroe. — Four  and  a  half  miles  from  Monroe,  Walton  County,  on 
the  farm  of  George  W.  Breedlove,  black  corundum  has  been  found 
associated  with  peridotite  rocks.  Some  little  prospecting  done  here 
has  been  within  the  formation  and  some  near  the  contact. 

Pine  Mountain,  Rabun  County. — In  peridotite.     (Sec  p.  0:5.) 

Porter  Sjrrings. — One  mile  southeast  of  this  phice  (in  Lumpkin 
County)  corundum  has  been  found  in  an  ainphibolite,  but  there  is  no 
quantity. 

Powder  Hprings. — There  is  a  considerable  outcrop  of  peridotite  in 
Cobb  County,  in  the  vicinity  of  Powder  Springs,  which  offers  a  prom- 
ising [)lace  for  prospecting.  A  small  vein  has  been  oiK^ned  on  the 
\V.  13.  Turner  farm. 

Rabun  Gap. — Several  pounds  of  corundum  have  bi^en  obtained 
from  the  Beavett  mine;  it  occurs  in  a  peridotit<»  rock. 

TeJionviUe. — One  mile  north  of  this  town,  in  Forsyth  County,  sur- 
face specimens  of  corundum  were  found  which  evidently  originated 
in  tlie  quartz-schists  of  this  region. 

Stone  mine. — This  mine,  which  is  in  the  same  general  formation  as 
the  Track  Rock  mine  (see  p.  05),  is  in  Rabun  County.  Only  a  little 
development  has  been  undertaken  and  th<^  prospect  that  the  deposit 
may  be  valuable  is  not  very  favorable. 

Thomaston. — Seven  to  8  miles  southwest  of  Thomaston,  Cpson 
County,  considerable  corundum  lias  been  found  on  the  surfacM^  at  the 
old  Kelly  farm.  Some  of  the  specimens  of  the  corundum  in  the 
matrix  indicate  that  it  was  derived  from  a  mica-schist. 

Track  Rock  mine. — In  peridotite.     (See  p.  (55.) 

West  Point. — A  short  distance  northeast  of  this  town  (in  Troup 
County)  corundum  has  been  found  sparingly  in  a  narrow  strip  of 
peridotite.     Apparently  no  large  quantity. 

MARYLAND. 

Corundum  has  been  reported  to  occur  in  the  vicinity  of  Whitehall, 
but  no  definite  information  can  be  obtained  that  any  has  been  found 
here  beyond  a  stray  fmrface  si)ecimen. 

Bull.  180—01 6 
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MASSACHUSETTS. 

Cheiit-er. — Kinery  in  amphibolito.     (See  p.  G7.) 
HunUmjUm. — Emery  in  amphiliolite.     (See  p.  70.) 
Pelham. — Corundum  in  saxonit-e.     (See  p.  10.) 

MONTANA. 

Aviericdn  Bar, — The  lowest  bar  on  the  Missouri  River  on  which 
sapphires  have  been  found.     (See  p.  47.) 

Coffonivooil  Creek, — In  the  gravels  of  this  creek  greenish-colored 
sappliiivs  have  been  found.     (See  p.  51.) 

D(nia  Bar, — A  bar  in  the  Missouri  River,  in  the  gravels  of  which 
sapi)liires  have  been  found.     (See  p.  47.) 

Eldorado  Bar. — Sapphires  in  the  gravel.     (See  p.  47.) 

Emerald  Bar. — The  highest  bar  on  the  Missouri  River  in  which 
sapphires  have  been  found.     (See  p.  49.) 

French  Bar. — Sapphires  have  been  found  in  a  small  dike  of  andes- 
ite.     (See  p.  47.) 

(rallafhi  Count  I/. — Corundum  in  syenite.     (See  p.  66.) 

Maijpie  Gulch. — Pale-greenish  sapphires  have  been  found  in  the 
gravel.     (See  p.  47.) 

Mefrt)polUan  Bar. — Sapphires  occur  in  the  gravels.     (See  p.  49.) 

Mis.sourl  River  har.s. — In  the  various  bars  along  the  Missouri  River, 
18  miles  east  and  northeast  of  Helena,  sapphires  have  been  found  in 
the  gravel.     (See  p.  47.) 

R(fck  Creek, — All  colois  of  sapphii-t^s  are  found  in  the  gravel  of  this 
creek.     (See  ]).  50.) 

Ruhy  Bar. — Sapphires  occur  in  an  andesite  dike.     (See  p.  47.) 

Spokane  Bar. — A  bar  of  the  Missouri  River  where  the  most  mining 
hits  been  done  for  sapphires  that  occur  in  the  gravels.     (See  p.  48.) 

Yoijo  G-ulch. — Blue  sapphires  occur  in  a  dike  of  minette.  (See  p. 
52.) 

NEVADA. 
Silrer  Peak. — ('onindum  has  bet^n  reported  from  near  this  place. 

NEW  JERSEY. 

Franklin  Funuwe. — A  small  pocket  of  corundum  has  been  found 
here  associated  with  dolomitic  limestone. 

Xeuio)}. — I>lu(i  and  white  corundum  occui-s  in  a  whitish  feldspar 
ncai*  the  contact  of  the  granitic  rock  and  white  limestone. 

]''ernon. — Small  p()(*kets  of  corundum  in  limestone,  but  not  in  great 
quantities.     (Sc(^  !>.  30.^ 

NEW  YORK. 

Aviitfj. — Hhw  and  white  corundum  has  been  found  in  the  limestone 
^near  Amity  and  Warwick,  Orange  County.     Does  not  occur  in  large 
tanti'ty^ 
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PeeliskiU, — A  short  distance  east  of  Peekskill  emery  is  found  in  basic 
ma^nesian  rocks  in  some  quantity.     (See  p.  70.) 

NORTH  CAROLINA. 

Acme  mine. — This  mine  is  located  alK>ut  three-quarters  of  a  mile 
west  of  Statesville,  Iredell  County.  The  corundum  occurs  in  crystals 
in  an  amphibolite. 

Addie. — Crystals  of  corundu?u  have  been  found  sparingly  associated 
with  the  peridotite  rocks  in  the  vicinity  of  Addie,  Jackson  County. 

Bad  Creek  mine, — Corundum  associated  with  peridotite.  (See  p. 
(52.) 

Baker.sriUe. — Corundum  crystals  have  Ix^en  found  sparingly  in  the 
gneiss  at  William  Bowmans,  three-fourths  of  a  mile  west  of  Bakers- 
ville,  Mitchell  County. 

Behr  mine. — This  mine  is  near  Elf  post-office,  on  Shooting  Creek, 
Clay  C/Ounty.  Pink  and  white  corundum  have  been  found  dissociated 
with  peridotite  rocks. 

Belts  brichje. — Crystals  of  black  corundum  oc?cur  in  an  amphibolite 
8  miles  northwest  of  Statesville,  Iredell  County,  on  th<»  Hunter  farm. 

Belts  Gap. — Corundum  in  splendid  grayish-white  crystals  that  are 
transluxjent  are  found  in  the  gneiss  to  the  south  of  the  gap  in  Jackson 
County.     Garnet  also  occurs  in  the  gneiss. 

Bhie  Ridge  j/rojjerties. — CorMndum  occurs  in  gneiss.     (See  p.  51K) 

Brockton  mine. — Corundum  occurs  in  the  peridotite.     (See  p.  <>!.) 

Buck  Creek  mine. — Also  known  as  the  Cullakeeuee.  Is  in  a  pen- 
dotite  formation.     (See  p.  58.) 

Burnt  Rock  mine. — In  a  peridotite  formation.     (Se<^  p.  01.) 

Caler  Fork. — Ruby  mine,  the  crystals  being  found  in  the  gravels  of 
the  creek.     (See  p.  40.) 

Caney  Fork. — Two  miles  above  the  mouth  of  this  creek,  in  Jackson 
County,  corundum  is  found  in  the  chlorite-schist  in  considerable 
quantity.  At  many  points  along  this  creek  and  its  tributaries  corun- 
dum has  been  found  in  the  chlorite-s^hists  and  in  gneiss  near  these 
schists,  as  at  the  mouth  of  and  also  2  miles  up  Chastains  C'reek  and 
on  Shoal  Creek  Mountains  on  the  West  Fork. 

Carpenters  Knob. — Along  the  ridge  leading  northwest  from  Carpen- 
ters Knob,  near  the  border  of  Burke,  Cleveland,  and  Catawba  coun- 
ties, corundum  in  grayish-blue  tapering  crystals  is  found  associated 
with  garnetiferous  gneisses  and  schists. 

Carter  mine, — Corundum  occurs  in  a  pendotite  formation  asso- 
ciated with  spinel.  Considerable  work  was  done  here  ten  years  ago, 
but  since  then  the  mine  has  been  idle.  This  locality  offers  a  some- 
what promising  prospect. 

Celos  Ridge, — Corundum  crystals  2  to  3  inches  long  have  been  found 
sparingly  in  the  decomposed  gneiss  9n  this  ridge  8  miles  southeast  of 
Bumsville,  Yancey  County. 


84  CORUNDUM    IN    THE    UNITED   STATES.  [bulu  IW. 

(yh(hsUiin.s  Creek. — See  above,  under  Caney  Fork. 

Chunky  Gal  Mofnikims, — Corundum  has  been  found  in  the  bands 
of  quartz-scliists  and  gneiss  of  which  the  Chunky  Gal  Mountains  are 
composted.  Garnet  is  associated  with  the  corundum,  which  forms  a 
very  small  percentage  of  tlie  rock.  This  occurrence  is  describeil  on 
page  34. 

Collhis  viine, — Pink  corundum  in  cyanit43  occurs  at  this  mine  near 
Statesville,  Iredell  County. 

Ccrrundum  Hill  mine. — The  corundum  at  this  mine  occurs  in  a 
peridot! te.     (See  p.  55. ) 

Cowee  Valley. — Ruby  and  red  corundum  ai*e  found  in  the  alluvial 
deposits  of  this  valley,  many  of  which  are  transparent.  (See  descrip- 
tion of  ruby  mine,  pp.  40-44.) 

Cowe^Ja. — Pink  corundum  is  found  in  a  greenish  cyanit^  at  this 
place,  in  Macon  C'ounty. 

Cullakeenee  mine. — Same  as  the  Buck  Creek  mine. 

CuUasayee  mine. — This  is  the  same  as  the  C-orundum  Hill  mine. 

Democrat. — Corundum  has  been  found,  sparingly  associated  with 
the  peridotite  rocks,  a  little  to  the  south  of  this  place,  in  Buncombe 
County. 

Elf. — Beautiful  specimens  of  pink  corundum  are  found  in  the  green 
amphibolite.     Occasionally  there  are  blue  pieces  in  this  rock. 

Egypt  mine. — This  mine  is  located  in  Yancey  County,  10  miles  west 
of  Burnsville,  and  the  corundum  is  in  a  peridotite.  It  is  in  crystal- 
line masses  and  distinct  crystals  of  a  white  color,  often  mottled  with 
blue.  This  occurrence  is  interesting  as  being  the  only  one  where 
corundum  has  been  found  surrounded  dirc^ctly  by  dunite. 
.  EUijay  Creek. — Corundum  has  been  found  at  many  points  in  the 
valley  of  this  creek,  associated  with  peridotite  rocks.  The  more 
importiint  of  these  are  the  Mincejs  Ilaskett,  and  Higdon  mines. 

Fairview  mine. — At  this  mine  emery  occurs  in  basic  magnesian 
rocks.     (See  p.  72. ) 

Fishhatvk  Mountain. — At  an  elevation  of  4,000  feet  on  the  west.em 
slope  of  this  mountain,  on  Hickory  Knoll  Creek,  in  Macon  County, 
corundum  has  beiiu  found  sparingly  in  a  small  outcrop  of  dunite. 

Foster  mine. — Near  the  summit  of  Chunky  Gal  Mountains,  ne^r  the 
headwaters  of  the  northern  fork  of  Shooting  Creek,  in  Clay  County, 
corundum  occurs  in  peridotite.     (See  p.  60.) 

Oaston  County. — Blue  corundum,  associated  with  mica  and  quartz, 
has  been  found  at  Chubbs,  Chrowdera,  and  Kings  mountains  in  this 
county.     Emery  also  has  been  found  at  Chrowders  Mountain. 

Olenville. — Four  miles  north  of  this  town,  in  Macon  County,  corun- 
dum occurs  in  chlorite-sehist  similar  to  that  on  Caney  Fork. 

Cray  irroperty. — Corundum  in  peridotite.     (See  p.  58.) 

Griiiishaw  Gem  mine. — Sapphires  of  various  colors  have  been  found 
Ht  this  mine  in  jH^ridotile.     It  is  near  Mont  vale  post-office,  Jackson 
County,     (See  p.  45,) 
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Hampton  mine. — Same  as  Mine  Fork. 

Haskett  mine, — ^This  is  given  under  Ellijay  Creek. 

Herbert  mine, — ^This  mine  is  on  Little  Buck  Creek,  Clay  County, 
and  is  in  a  long,  narrow  arm  of  peridotite  extending  out  from  the 
main  mass  of  the  Buck  Creek  peridotite  formation.  Some  prospecting 
has  been  done  here,  and  although  corundum  has  been  found,  the  main 
mass  of  it  occurs  in  connection  with  the  main  mass  of  x)eridotite. 

Higdon  mine, — This  mine  was  worked  for  a  short  time,  and  there- 
is  connected  with  it  a  mill  for  washing  and  cleaning  the  ore.  (See 
Ellijay  Creek,  above.) 

Ishel  mine. — Corundum  occurs  sparingly  in  what  may  be  a  decom- 
posed amphibolite.  One  of  the  largest  washing  and  cleaning  mills  in 
the  State  is  at  this  mine. 

Kings  Mountuin, — See  Gaston  County. 

Marshall.' — Corundum  has  been  found  in  large  gray  crystals  half 
mile  north  of  the  mouth  of  Big  Ivy  River  and  3  miles  above  Marshall, 
Madison  County,  on  the  surface  of  a  large  amphibolite  outcrop.  It 
is  on  the  property  of  G.  C.  Ilaynie,  of  Marshall.  It  has  also  been 
found  on  the  property  of  Hon.  J.  C.  Pritchard  near  the  same  town. 

McChristians  place, — Emery  of  reddish-brown  and  grayish  colore 
has  been  found  at  this  place,  which  is  7  miles  north  of  Friendship, 
Guilford  County.  The  property  lacks  development.  Surface  speci- 
mens of  corundum  have  also  been  found  here. 

Mincey  mine, — The  corundum  at  this  mine  is  found  in  peridotite. 
(Seep.  58.) 

Mine  Fork. — Emery,  associated  with  staurolite. 

Montvale. — At  many  of  the  peridotite  formations  in  the  vicinity  of 
Montvale,  Jackson  County,  corundum  has  been  found.     (See  p.  4o.) 

Newfound  Gap. — A  little  to  the  south  of  tliis  gap,  in  Haywood 
County,  red  corundum  has  been  found  on  the  surface  of  a  small  mass 
of  d  unite. 

Nona. — Corundum  in  distinct  crystals  has  been  found  on  tlie  snr- 
face,  in  the  vicinity  of  gneiss,  at  Nona,  Macon  County. 

Owens  Creek. — Crystals  and  grains  of  corundum  have  been  found 
in  bowlders  of  cyanite  near  the  mouth  of  this  creek,  in  Transylvania 
County. 

Presley  mine. — This  mine  is  locat-ed  4  miles  north  of  Canton,  Ha}- 
woo<l  County.  The  corundum,  of  a  blue  and  l)luish-gray  color, 
occurs  in  a  pegmatitic.  dike. 

Reed  mine, — The  corundum  at  this  mine,  which  is  0  miles  east  of 
Franklin,  Macon  County,  occurs  in  a  saprolitic  rock,  and  is  in  small 
prismatic  crystals  of  a  bluish  color,  some  of  which  are  nearl}^  trans- 
parent. 

Retreat. — Near  Retreat  post-office,  in  Haywood  County,  corundnm 
has  been  found  in  limited  quantit}'  in  snmll  pegnmtitic  dikes  in  the 
gneiss. 
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Sapphire. — The  mines  in  the  vicinity  of  this  town  are  described  on 
page  61. 

Sapphire  mirie, — The  corundum  occurs  in  peridotite.     (See  p.  61.) 

Scaly  M(juntain. — The  corundum  occurs  in  quartz-schist.  (See 
p.  GO.) 

Sheffield  viine. — The  corundum  at  this  mine  is  in  amphibole-schist. 
(See  p.  58.) 

Skeener  Gap, — Emery  is  found  here  in  a  basic  magnesian  rock.  (See 
p.  72.) 

•  Slwups  Ford, — At    this  place,   in   Hurke  County,  corundum  has 
l)een  found  associat^^d  with  fibrolite. 

Socrates  rnirw. — One  of  the  mines  in  the  vicinity  of  Sapphire. 
Corundum  occurs  in  i)eridotite.     (See  p.  02.) 

Swannanoa  Oap. — Float  corundum  has  been  found  near  an  out- 
crop of  peridotiU\ 

Thumping  Creek. — Corundum  has  been  found  in  rough  noilules 
and  flat  crystals  in  gneiss  on  the  property  of  Curtis  Ledford  and  C.  C. 
Patt«erson,  on  tliis  creek,  Macon  County. 

Turkey  Knob. — On  the  summit  of  this  mountain,  near  the  Macon- 
Jjickson  county  line,  corundum  has  l>een  found  sparingly  in  gneiss. 

Waldroop  viine. — Emery  has  been  found  in  a  basic  magnesian  rock. 
(Seep.  72.) 

Watayua  mine, — Same  as  the  Reed  mine. 

M^e^sf  Mills. — Re<l  an<l  ruby  (corundum  have  l>een  found  in  the  old 
gravel  lK»ds  of  tlie  streams  on  \\w  West  farm,  near  West  Mills,  Macon 
County. 

Whifeirater  mine. — The  corundum  is  in  peridotite.     (See  p.  03.) 

Winston  Salem. — Near  this  place,  in  Forsyth  County,  emery  has 
l)een  found  similar  to  that  at  the  McC'hristian  place. 

Yellow  Mountain. — The  gneisses  of  this  section  carry  a  small  per- 
ceutag<»  of  eorunduin.     (See  p.  (JO.) 

PENNSYLVANIA. 

Blackhorsf'. — Slender  grayish  crystals  of  corundum  have  been  found 
at  this  place,  which  is  near  Media,  Delaware  County.  This  has  bei^n 
found  inclosed  by  feldspar. 

Fremont. — Near  this  place,  in  West  Nottingham  Township,  Chester 
( ■ounty,  corundum  crystals  have  been  found,  surrounded  by  feldspar. 

Mineral  Hill. — Corundum  crystals  have  been  found  at  this  place, 
which  is  near  Media,  in  Middletown  Township,  Delaware  County, 
which  were  suri-ounded  by  feldspar  similar  to  that  at  Blackhorse. 

Newlin. — See  under  Unionville. 

Shimerville. — At  this  place,  in  Lehigh  County,  corundum  crystals 
up  to  8  inches  in  length  and  -U  inches  in  diameter  have  been  found 
loose  in  the  soil. 
^      Unionville. — In  a  larg(^  mass  of  serpentine  rocks,  1  mile  northeast 
'this  vlUagtiy  corundum  has  been  found.     (See  p.  06.) 
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VUlagegreen. — Large  crystals  of  corundum  of  a  brownish  color  are 
found  near  this  village,  in  Aston  Township,  Delaware  County. 

West  Chester — Corundum  has  been  found  in  a  serpentine  of  this 
township. 

SOUTH  CAROLINA. 

Anderson  County, — Corundum  has  been  reported  from  this  county, 
but  none  has  been  found  in  place. 

Energy, — See  York  County. 

Oaffney. — Corundum,  usually  of  a  gray  color  and  in  irregular  masses 
up  to  3  or  4  inches  in  diameter,  has  been  found  about  8  miles  north- 
west of  Gaffney,  on  the  Island  Ford  road,  near  Maud  post-office,  on 
the  Turner  Phillips  farm.  It  has  not  been  found  in  situ,  but  in  the 
gravels  of  a  small  stream  and  as  loose  fragments  in  the  fields  on  the 
adjoining  slopes.  The  fragments  and  what  few  crystals  have  been 
found  are  generally  free  from  gangue,  but  some  have  l)een  found 
with  mica  scales  attached  to  them.  It  Is  not  at  all  improbable  tliat 
this  corundum  was  derived  from  a  mica-schist. 

Laurems. — About  1^  miles  northeast  of  this  town,  in  Laureun 
County,  corundum  has  been  found  rather  abundantly'  scattered  over 
the  surface.  This  surface  corundum  has  been  found  for  a  number  of 
miles  t«  the  southwest  of  this  town.  Although  no  corundum  has 
l)een  found  in  place,  it  was  probably  derived  from  a  mica-schist,  for 
the  country  rock  in  this  section  is  largely  a  schist,  and  (corundum 
crystals  were  found  with  portions  of  the  mica-schist  attached  to 
them.  The  crystals  are  all  rough,  and  vary  from  small  ()n(*s  to  some 
that  were  over  3  inches  long  and  1  inch  in  diameter. 

Oconee  County. — Corundum  has  been  found  on  the  surface  in  this 
county,  but  none  has  been  found  in  place. 

York  County, — In  the  northern  part  of  this  county,  at  Energy, 
near  the  North  Carolina  line,  a  black  (»orundum  has  been  found  quite 
abundantly.     (See  p.  60.) 

UTAH. 

It  is  reported  that  a  large  deposit  of  corundum  was  found  in  this 
State  during  the  past  year,  but  no  accurate  information  has  been  thus 
far  obtained  regarding  location  or  quantity. 

VIRGINIA. 

Louisa  County, — Deep  blue  cr>^stals  of  corundum  have  l)een  found 
in  the  soil  in  this  county,  but  the  exact  locality  is  not  known. 

Stuart, — Corundum  has  been  found  in  a  mica-schist  near  this  place 
on  Bull  Mountain.  (See  p.  35.)  No  development  of  the  occurrence 
has  been  made  to  determine  the  extent  of  the  deposit  or  the  percent- 
age of  corundum. 
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ALASKAJ 

Copper  River. — Ast-eriated  corundum  of  gray  and  pink  colors  is  said 
to  occur  in  a  locality  on  Copper  River,  Alaska. 

CORUNDUM   T^OCAIilTIES  IX  FOREIGN  COUNTRIES. 

With  the  exception  of  the  emery  deposits  of  Turkey  and  the  Gre- 
cian Archipelago  there  were  no  localities  outside  of  the  United  States 
where  corundum  had  been  mined  for  abrasive  purposes  until  during 
the  last  year  or  two,  when  work  was  begun  at  the  India  deposits.  As 
preparations  are  being  made  to  work  both  thase  and  the  Canadian 
deposits  on  a  largo  scale,  it  has  seemed  to  me  that  a  short  descrip- 
tion of  them  would  be  of  interest  and  of  value.  I  have  also  added  a 
short  description  of  the  emeiy  deposits  of  Turkey  and  the  Grecian 
Archipelago. 

CANADA. 

The  Canadian  corundum  localities  that  are  attracting  considerable 
attention  at  the  present  time  are  in  the  Province  of  Ontario,  and  have 
been  recently  described  by  Prof.  W.  G,  Miller,^  of  the  Kingston  School 
of  Mines.  The  corundum  occurs  as  a  primary  constituent  of  a  rock 
that  is  classified  as  a  syenite  and  has  been  traced  for  over  50  miles 
across  Renfrew,  Hastings,  and  Haliburtou  counties,  with  smaller  belts 
of  the  same  rock  in  Peterborough,  Lanark,  and  Frontenac  counties  to 
the  south,  making  a  total  distance  of  nearly  100  miles  in  which  the 
corundum -bearing  rock  has  been  found. 

The  rock  varies  from  a  normal  syenite  to  a  nepheline-syenite  and  a 
mica-syenite.  Corundum  has  been  found  in  all  three  of  these  vari- 
ties,  but  is  more  abundant  in  the  normal  syenite,  and  this  rock  has 
been  named  corundum-syenite.  These  rocks,  which  occur  as  dikes 
cutting  through  the  gneisses,  are  sometimes  in  large  masses  that 
appear  to  grade  into  a  granite.  Tlie  width  of  the  dikes  varies  greatly, 
but  is  usually  several  feet;  a  i'(nv  have  been  observed  that  were  only 
a  few  inches  wide.  These  dikes  are  sometimes  thickly  studded  with 
corundum  crystals.  Assays  made  of  this  rock  from  various  parts  of 
the  dikes  indicate  that  it  will  average  about  12  per  cent  of  corundum. 
If  the  corundum  can  be  mined  economically,  and  if  tests  of  the  com- 
mercial corundum  obtained  from  the  ore  show  that  it  has  the  abrasive 
qualities  essential  to  make  it  of  use  in  the  manufacture  of  vitrified 
wheels,  these  deposits  should  become  of  considerable  importance. 

The  Canada  Corundum  Company,  Limited,  has  been  organized  and 
has  begun  mining  operations  on  the  corundum  deposits  in  the  ex- 
treme northwestern  part  of  Raglan  Township,  Renfrew  County, 
Ontario,  aV)out  7  miles  southwest  of  Combermere.     The  corundum 


•Tweutieth  Ami.  Rept.  U.  S.  (}«ol.  Survey,  Part  VI,  IMW.  p.  570. 

"Report  Bureau  of  Mines,  Toronto,  (^au,.  Vol.  VlII.  Part  II,  1890,  pp.  206-24a 
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litre  occurs  iu  the  normal  syenite.  A  corundum  mill  has  been  erected 
that  will  have  a  capacity  of  5  tons  of  cleaned  corundum  a  day. 

This  company  also  owns  corundum  deposits  on  the  York  River 
in  Carlow  and  Dungannon  townships,  Hastings  County.  At  these 
localities  the  corundum  occurs  in  a  nepheline-syenite,  and  while  it  is 
apparently  of  superior  quality  to  that  found  in  Raglan  Township,  the 
percent.age  of  corundum  is  not  as  high.  No  mining  is  being  done  by 
the  company  at  these  York  River  localities. 

The  manager  of  the  company  is  Mr.  B.  A.  C.  Craig,  of  Toixjnto, 
Canada. 

Miller'  has  described  specimens  of  corundum  from  Methuen  Town- 
ship, Peterborough  County,  that  are  entirely  inc^losed  by  mica.  He 
says:  "The  corundum  is  often  not  observed  in  the  mica  until  the 
latter  is  broken  open,  when  it  is  found  forming  the  center  or  core  of 
the  mass.  The  rounded  surfaces  of  the  corundum  and  other  charac- 
teristics leads  to  the  belief  that  the  masses  of  light-colored  uiica  are 
secondary  products  after  corundum."  This  very  closely  resembles 
specimens  of  corundum  surrounded  by  muscovite  mica  that  have  been 
found  at  the  Presley  mine  in  Haywood  County,  N.  C,  (see  p.  85), 
in  which  the  muscovite  is  undoubtedly  a  secondary  product  after  the 
corundum. 

In  the  township  of  South  Sherbrooke,  Lanark  County,^  corundum 
lias  l>een  found  in  a  rock  that  is  made  up  of  a  basic  plagioclasc  feldspar 
and  green  hornblende,  and  has  been  called  anorthosite  by  Miller.  It 
is  more  basic  in  character  than  the  typical  varieties  of  this  rock  that 
have  been  described  from  other  parts  of  Canada.  The  width  of  the 
belt  of  rock  is  nearly  three-quarters  of  a  mile  and  the  corundum  is 
found  throughout  the  whole  distance.  It  occui-s  in  crystals  of  an 
almost  uniform  light-gray  to  white  color  that  are  usually  about  half 
an  inch  in  diameter,  the  largest  ones  being  one  and  a  quarter  inches 
long. 

INDIA. 

The  corundum  deposits  of  India  have  been  describinl  by  T.  11.  Hol- 
land.^ He  gives  the  Pararapatti  area  in  the  Salem  district  of  the 
province  of  Upper  Burma  as  one  of  the  most  promising  for  the  mining 
of  corundum  for  abrasive  puri)oses.  He  describes  the  corundum  as 
occuring  in  a  matrix  of  deep  flesh-colored  feldspar  whi(»h  is  in  Imnds 
or  lenticular  masses,  and  has  associated  with  it  often  a  considerable 
proportion  of  sillimanite,  rutile,  opaque  black  and  green  spinel,  and 
biotite.  These  masses,  where  they  have  been  actually  seen  in  the 
rock,  are  sometimes  as  much  as  15  feet  long  and  S  feet  in  diameter. 
The  feldspar  rock  is  composed  essentially  of  anorthit<^  and  hornblende, 

'  ReiK>rt  Bureau  of  Mines,  Toronto,  Ontario,  Vol.  VIII,  Part  II,  IHWi,  p.  210. 
'Lo<Mit.,p.  25. 

*Cieology  of  India,  Fart  III,  Economic.  Geoloiry,  and  Report  Buri>aii  of  Miues,  Vol.  VIII,  Part 
II,  IHBO,  p.  S30. 
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and  in  parts  has  a  gneissoid  structure,  and  these  portions  carry  the 
corundum.  The  corundum  varies  from  a  deep  purplish  brown  to  a 
dark  greenish  gray,  and  is  in  irregular  nodules  varying  from  a  quarter 
of  an  incli  to  an  inch  in  diameter  and  in  elongated  barrel-shaped  crys- 
tals sometimes  an  inch  long. 

There  are  two  and  perhaps  more  of  these  corundum-bearing  bands 
that  an^  parallel  to  eacli  other,  making  the  total  length  of  corundum- 
bearing  rock  that  is  known  over  24  mile^.  The  percentage  of  corun- 
dum in  the  rock  is  very  low,  experiments  that  have  been  made  on 
samples  taken  at  different  points  on  the  band  showing  the  presence 
of  only  3.5  per  cent. 

Most  of  the  out<5rops  of  the  bands  of  corundum  ix>ck  have  been  found 
in  connection  with  gneiss,  and  lie  in  lines  that  are  roughly  parallel  to 
the  strike  of  the  gneiss.  Some  of  them  are,  however,  in  close  i>rox- 
imity  to  a  nepheline-syenito. 

Specimens  of  corundum  sent  by  Dr.  T.  L.  Walker  from  a  district 
al)out  250  miles  north  of  Calcutta  and  labeled  Pipra,  South  Rewah, 
India,  are  appanmtly  similar  to  those  descril)ed  by  Holland.  The 
corundum  is  very  fine  grained  in  api)earance  and  in  nodules  up  to 
2  or  more  inches  long  by  1  or  more  inches  bi*oad,  with  a  pinkish  to 
purplisli-brown  color.  These  nodules  are  partially  or  completely  sur- 
rounded by  a  grec»nisli  mica,  whose  folia  are  small  and  rather  brittle, 
and  which  has  lK»en  n^f erred  by  Mallet'  to  the euphyllit»e  variety.  In 
the  mica  then*  arc*  small  rough  crystals  of  tourmaline.  Just  what  the 
occurrence  of  this  corundum  is  1  do  not  know,  but  from  the  general 
appearance  of  the  specimens  it  should  make  an  ore  from  which  the 
corundum  could  be  readily  separated  and  a  very  clean  product 
obtain(Hl.  If  Ww  <'orundum  in  the  rock  was  10  to  15  per  cent  of  the 
amount  re<iuiivd  to  be  remov(Ml  iu  mining,  this  should  make  a  very 
important  and  profitable  corundum  deposit.  A  limited  amount  of  this 
corundum  is  now  being  imported  by  the  Norton  Emery  Wheel  Com- 
pany, of  Worcester,  Mass.,  and  is  used  in  the  manufacture  of  their 
India  oilstones. 

In  othei-  sp(M*iniens  labeled  Salbanni,  4  miles  east  southeast  of 
Barampur,  Manbhoorn  district,  India,  there  are  blue  crystals  of 
corundum  with  a  rough  hexagonal  i)rism  embedded  in  a  mass  of  inter- 
locking l)lade<l  crystals  of  eyanite. 

It  is  very  pi-obable  that  nearly  all  of  the  corundum  deposits  that 
are  known  in  India  are  secondary  minerals  and  the  result  of  meta- 
morphisin.  Professor  Ju<ld,  in  his  paper  on  the  Rubiesof  Burma  and 
associated  Minerals,"-'  says  that  all  the  corundum-bearing  rocks  in 
tli(^  districts  of  Southern  Asia  appear  to  be  gneisses  that  sometimes 
pass  into  schists  and  freciuently  contain  masses  of  limestone  and 
dolomite. 


'  Mill.  India,  1^«7,  p.  I'.VK  and  Dauji's  Miii..  0th  tMlition,  188e,  p.  aS4. 
'■'Trans.  Rr)j'al  Srx-.,  Loudon,  IMJW,  j).  191. 
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TURKEY. 

The  Turkish  emery  is  obtained  froui  the  province  or  vilayet  of 
Aidin,  in  Asia  Minor,  which  embraces  nearly  the  entire  basins  of  the 
rivers  Sarabat  and  Mender.  Smyrna  is  the  principal  town  of  the 
l>rovince,  and  is  the  center  of  trade  for  all  the  surrounding  district 
and  islands.  The  deposits  that  ai'e  now  being  worked  are  on  the 
Gumush  Dagh  Mountain  and  on  the  slo])es  of  Ak  Sivri,'  which  is  a 
mountain  about  125  miles  to  the  soutli.  The  former  of  these  deposits 
is  about  12  miles  east  of  the  ruins  of  Ephesus,  and  just  north  of  the 
river  Mender;  the  latter  is  in  what  J.  Lawrence  Smith *^  describes  as 
the  Kulah  district,  and  it  is  much  more  inaccessible  than  the  former 
one.  Emery  has  also  been  found  in  small  quantities  near  Adula,  a 
town  about  12  or  15  miles  east  of  Kulah,  and  also  at  Manser,  about  24 
miles  north,  and  at  AHahinan-Bourgs,  about  20  miles  south  of  Smyrna. 

The  occurrence  of  the  emery  at  all  these  localities  is  very  similar,  it 
being  embedded  in  a  bluish,  coarse-gi*ained  to  compact  nuirblc  or  lime- 
stone, resting  upon  mica-slates,  schists,  and  gneisses.  It  always  occurs 
in  the  limestone  or  marble;  not  even  a  trace  has  as  yet  been  found  in 
the  other  rocks.  It  does  not  occur  in  a  well-<lefino(l  vein  but  in  pockets 
scattered  irregularly  through  the  ro(*k  that  are  sometimes  up  to  200 
feet  in  length  and  300  feet  in  width.  The  walls  of  these  pockets  are 
very  irregular,  as  the  limestone  intrudes  upon  them,  and  then  recedes 
very  suddenly. 

GRECIAN  ARCHIPELAGO. 

In  a  number  of  the  islands  of  this  archipelago,  emery  has  been 
found  in  considerable  quantity.  The  most  important  of  these  local- 
ities is  the  island  of  Naxos,  where  the  emery  is  found  in  large  blocks 
more  or  less  mixed  with  the  red  soil,  and  also  embedded  in  wJiite  marble. 
The  deposits  are  located  principally  on  the  north  and  east  sides  of  the 
island,  thel)est  ore  being  obta-ined  from  Vothrie,  which  is  1)  miles  from 
the  coast.  Another  one  of  the  Ix^tter  deposits  on  this  island  is  at 
Api)eronthos,  which  is  7  miles  from  the  coast.  In  the  southern  part 
of  the  island  the  emery  is  found  near  Vasso.  It  occurs  in  such 
abundance  on  the  island,  in  loose  bowldens  and  in  the  soil,  that  there 
has  been  little  need  to  mine  it  in  the  hard  rock. 

On  the  island  of  Nicaria  emery  has  been  found  in  quality  e(iual  to 
that  from  Naxos,  but  the  quantity  is  not  so  great.  A  little  was  also 
found  on  the  island  of  Samos.  In  all  these  islands  the  emery  occurs 
in  a  limestone. 

OTHER  LOCALITIES. 

Corundum  has  been  found  sparingly  at  many  other  localities,  but 
thus  far  it  has  not  been  found  in  ciuantity  enough  to  make  the  occur- 
rences of  economic  importance  as  an  abrasive. 


•  Trans.  Am.  Inst.  Mln.  Eng.,  Vol.  XXVIII,  1898,  p.206. 
«  Am.  Jour.  8ci.,  2d  Heries,  Vol.  X,  1850,  p.  357. 
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The  ocQurrence  of  sapphire  corundum  in  Burma,  Ceylon,  and  Slam 
has  been  mentioned  on  pages  30  and  40. 

Zirkel,*  mentions  the  occurrence  of  corundum  as  an  accessory  min- 
eral in  the  amphibolites  of  northwestern  Austrian  Silesia;  in  the 
chlorite-schist  of  Nischne-Issetsk,  in  the  Urals;  as  a  contact  product 
of  the  diorites  of  Klausen,  in  Tyrol;  in  the  andesite  and  tonality  of 
the  Eifel;  in  a  contact  product  of  quartz-mica-diorite  on  quartz- 
phyllite  in  Val  Moja,  and  similarly  in  the  kersantite  of  Michaelstein, 
Ilarz;  also  in  tho  graphite  of  Muhldorf,  near  Spitz,  in  l-iower  Austria. 

Pii'sson"'^  has  mentioned  the  occurrence  of  corundum  in  small  blue 
sapphires  in  the  fn^sh  basalt  of  Unkel  on  the  Rhine  and  Steiuheim 
near  Frankfort,  on  the  Main. 

Morozewicz^  ha^  described  the  occurrences  of  corundum  in  Russia, 
the  chief  of  which  is  in  a  rock  composed  essentially  of  anorthite  and 
corundum,  together. with  spinel  and  biotite.  He  claims  that  this  is  a 
new  type  of  alumino-silicate  rock,  and  calls  it  "  kyschtymit. "  Other 
rocks  in  the  Urals  that  contain  corundum  are  made  up  almost  exclu- 
sively of  this  mineral  and  orthoclase ;  some  of  these  are  coai'se  grained, 
while  others  are  fine.  The  coarse  ones  have  been  called  corundum- 
pegmatite  and  the  liner  ones  corundum-syenit:e.  These  rocks  oi»cur 
as  dikes  cutting  through  gneiss. 

It  may  l)e  that  when  these  corundum-bearing  rocks  of  the  Urals 
have  l)een  more  siKJcially  examined  as  to  their  economic  value  they 
may  be  found  to  contain  a  large  enough  percentage  of  corundum  to 
mak(^  them  of  importance  an  an  ore  of  this  mineral. 

Dana^  mentions  the  occurrence  of  corundum  near  Canton,  China; 
in  Bohemia,  near  Petschau;  at  Saint  Gotthard,  in  dolomite;  near 
Mozzo,  in  Piedmont,  in  white  compact  feldspar;  and  at  Mudgee,  New 
South  Wales. 

Lacroix,  in  a  paper'*  on  the  metamorphic  and  eruptive  rocks  of 
Ariege,  France,  mentions  the  occurrence  of  corundum  in  the  marbles 
of  Meicus  and  Arignac.  In  a  second  paper  ^  on  acid  inclusions  in  the 
volcanic*  rocks  of  the  Auvergue,  France,  corundum  is  said  to  occur 
frequently  in  the  granites  and  gneisses  of  this  section.  He  has  also 
described  the  occurrence  of  this  mineral  in  the  basic  magmas  (basalts, 
trachytes,  and  andesites)  in  Haute-Loii-e,  France.' 

Salomon^  has  described  the  occurrence  of  corundum  in  phyllite^s, 
epidote-amphibolites,  and  mica-schists  at  Mount  Aviolo,  in  the 
Southern  Alps.     It  occurs  but  sparingly  in  these  rocks. 


'  Lehrbuch  d«r  Petrogrraphk;,  Loii»sic.  ISJKJ,  p.  461. 
■*  Am.  Jour.  S(ri., 4th  ««>ries.  Vol.  IV,  l.S«7,  p.  4L*3. 

3  Tschormaks  Min.uiid  Pot.  Mitt.,  Vol.  XVIII,  pt.  1;  and  Kept. Bureau  of  Mines, Toronto,  VoL 
VIII,  Part  II,  1«*9,  p.  285. 
*  Min.,  tlth  edition,  iHlti,  p.  :.']2. 

'^  Bull,  de.s  Serv.  d.  1.  Carte  j?«'»ol.  d.  France.  No.  1 1 .  Vol.  II;  and  Am.  Nat., Feb.,  1891, pp.  138-139. 
«  Loc.  eit. 

'  Bull.  Soc.  Min,  Vol.  XIII. .  IMMJ.  pj).  imur,. 
»■  Jour.d.d.G.G..Vol.XLII..18W),p.4oO;  and  Am.  Nat..  ISIH.  pp.  .-.71,572. 
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In  the  dune  sands  on  the  west  coast  of  Holland,  at  Sheveningen 
near  the  Hague,  corundum  has  been  found  by  Retgers^  to  be  one  of 
its  constituents. 

In  describing  the  geology  of  the  district  around  Pi-otoria,  South 
Africa,  Molengraaf^  states  that  the  oldest  rocks  of  the  region  are 
granites  and  crystalline  schists.  Above  these  are  another  series  of 
schist  formations,  comprising  quartzites,  clay  slates,  corundum 
schists,  porphyroids,  and  chiastolite-schists  that  are  cut  by  diabase 
dikes.  He  states  that  the  corundum  porphyroid  resembles  a  feldspar 
porphyry,  and  that  the  corundum  occurs  in  large  individuals  in  a 
groundmass  of  quartz  and  chlorite.  From  the  description  given, 
there  is  a  possibility  thai  there  is  corundum  in  quantity  in  this 
district. 

In  many  parts  of  the  western  Yunnan  district,  China,  as  in  the 
prefecture  of  Shunning  Fu,  sapphire,  ruby,  and  emerald  corundum 
are  said  to  occur.  ^ 

>  Rec.  des  travaux  chimiqnes  des  PaTS-Bas,  Vol.  XI,  1802,  p.  169;  and  Am.  Nat. .  18»a,  p.  .382. 
•*  Neues  Jahrbnch,  Vol.  IX,  1894-85,  pp.  174-291;  and  Am.  Nat.,  1895,  p.  470. 

3  U.S.Conaular  Reports,  Jan.,  1900,  Vol.LXII,  No.  233,  p. 96;  reprinted  from  Moany's  Chinese 
Miscellany,  published  at  Shanghai,  China. 
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Behr  mine, N.C.,  corundum  at 83 

Bell  Cri'ek  mine,  Ga., corundum  at 80 

Bcltsbridge.X.C, corundum  at 83 

Bement.C.S.,  reference  to 39 

BettH  Gap.N.C, corundum  at 83 

Biotlte,  corundum  in 19-30 

Bird,  R.,  reference  to 49 

Blackborse,  Pa.,  corundum  at 86 

Blake,  W.  P..  cited 36 

Blue,  A., cited 31 

Bohemia,  corundum  in 92 

Brockton  mine,  N.  C. ,  corundum  at 61 ,  83 

Buck    Creek,  N.  C.  peridotite   at,  map 

showing 22 

peridotite  at,  plate  showinR 10 

Buck  Creek  mine,  N.  C, corundum  at .  5»V^I, 83 

view  of 60 

Buckley.  J.  H.,  reference  to 71 

Bull  Mountain,  Va., corundum  at 35.87 

Bnmt  Rock  mine,  N.C., corundum  at 61,83 

By  ram,  X.  J.,  corundum  in   limestone 

near 36 

Caler  P«jrk,  N .  C.  ruby-bearing  gravel  at, 

plateshowing 40 

rubiesnear 40-44,83 

Calif omia,  corundum  in 79-80 

Canada,  corundum  In......: 88-4J9 

Caney  Fork,  N.C., corundum  at 21,83 

Carpenters  Knob, N.C., corundum  at 83 

Carter  mine,  N.  C. ,  corundum  at 15, 83 

CeloH  Ridge,  N.  C, corundum  at 83 

Cement  wheel,  method  of  manufacture. .       78 

Cen tralhatchee.  Qa. ,  corundum  at 80 

Chaffee  County,  Colo. ,  corundum  in 80 
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Cliandlers  titollow,  Del. ,  corundum  at 80 

Chase,  D. ,  reference  to  ...^ 71 

Chemical  wheel,  method  of  manuf  at^ture .        77 

Chester,  Mass. ,  emery  at 23-26, 67-70, 82 

emery  dejKMit  at,  map  .showing 68 

Chlorite-schist. corundum  in 21 

China,  corundum  in Ii2,98 

Chunky  Gal  Mountains,  corundum'at.  34.60,84 
Clay    County,   N.    C,  amphibolito    ar.d 

corundum  in 21-22 

Cleaninj?  corundum,  mothodM  of 74-75 

Colorado,  corundum  in 80 

Collins  mine,  N.C.,  corundum  at 84 

Connecticut,  corundum  in MO 

Copper  River,  Alaska,  corundum  on 88 

Cortland  Township,  N.  Y. ,  emery  in 70-71 

Corundum, cleaning.  methfKls  of 74-75 

distribution  of. 37-?2 

hardness  of 10 

localities  of 71MI3 

mining,  metljcKlH  of 72-74 

occurrence  of 10. 11-:J7 

theoretical  composition  of 10-11 

uses  of 75-79 

varieties  of 9 

Corundum  Hill,dnnito  vein  at,  cross  see- 

tionof 14,15 

peridotite  at.  map  of .• 56 

I>oridotito  formation  at,  plate  show- 
ing        :m 

sapphires  at M\-i7 

vein  at,  plato  showing 56 

Corundum  Hill  mine,  N.  C,  bi^f  cut  at, 

plate  showing    58 

corundum  at .VV-.57.S4 

(corundum  contiw't  vein  at,  cross  se«* 

tionof. 13 

rubies  at :b»  40 

CV)ttonwoo<l  Creek,  Mont.,  sapi)hires  <>n  51-52, 

82 

Cowee  Valley,  N.  C. .  corundu m  in 40  U .  H4 

ruby  crystals  from,  plate  showing.    .        42 

ruby  mine  at,  plato  showing 40 

rubies  in 40-44 

Coweeta,  N.  C. ,  corundu  mat H4 

CYaig, B.  A.  C,  reference  to 89 

Crittenden,  H. ,  reference  to 49 

Cnllakeenee  mine,  N.  C. ,  eorundum  at ."jS-.W 

rubycorundum  at 45 

Culla8agee,N.C.,  corundum  mill  at,  views 

of 74 

sapphire  at 46 

Cnllasagec    mine.     See    Corundum     Hill 
mine. 
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Cyanite,  rornndnm  in 3ft-37 

Dalton,  O.,  refertmce  to 71 

Dana,J.D.,cite<l 27,.'W,«:J 

Dana  Bar,  Mont. ,  sapphires  at 47, 82 

Delaware,  corundum  in 8() 

Democrat,  X.C,  corundum  at W 

Diamond,  hardness  of 10 

Dobson  Mountain,  N.C.,  emery  at 72 

Douglas  County,  (*a.,  corundum  in W 

Dudley ville,  Ala.,c<)rundnm  near —  ...-        T9 

Dunitc.    See  Peridotite. 

Dunitc  vein,  cross  section  of U,  15 

oi)en  cut  on.  plate  showing 5» 

Dunitc  veins,  plates  showing 58,«),66 

Durrant,  J.,  reference  to 19 

E.dman,J.A.,cited 80 

Egypt  mine,  N.C.. corundum  at 15, H4 

Eldorado  Bay,  Mont.,  sapphires  at    47, Ki  ' 

Elf.N.C.  ruby  corundum  near 45 

sapphires  near 47 

Elf  mine.  N.C..  corundum  at H4  | 

Ellijay  Creek,  N.C..  corundum  at 84  i 

Emerald  Bar,  Mont.; sapphires  at 49, 82  ' 

Emerson,  B.K., cited 23,24  i 

quoted 19,3B  ; 

Emery, distribution  of 67-72  , 

in  amphilK>lite 23-2tt  j 

Energy.S.C, corundum  at 87  ' 

Enstatite,  corundum  in 20 

Evans,  A. ,  information  furnished  by 64  . 

Fairview  mine, N.C., corundum  at ?i,84  | 

enieryat 72 

Fishhawk  Mountain. N.C., corundum  at.       84 

Foster  mine,  Ga. .  corundum  at 60. 65. 80, 84  ' 

Franco,  corundum  in 92 

Franklin,  N.C.. emery  near 72  | 

rubies  near 40-44 

Franklin  Furnace,  N.  J.,  corundum  at —        82 

Fremont, Pa.. corundum  at 86 

French  Bar,  Mont. .  corundum  at 2«-;«) 

sapphire  at 47.82 

Friendship,  N.  C. .  emery  near ?i 

Gaffney.S.C, corundum  at 87 

Gainesville, Ga.,<H)rundum  near 80 

Gallatin  County,  Mont.. ci>rundum  in :J0  31, 

♦MJ.82 

Garnet,  hardness  of 10 

Gaston  County.  N .  C. .  corundum  in 84 

Gcnth,F.A..cited a5,;i7.72 

Georgia,  corundum  in iW-65. 80-81   ' 

peridotite  rocks  and  corundum,  locjili- 

ties,  map  showing 54  | 

Glenville,N.C., corundum  at 84  ' 

Gneiss,  contact  between  peridotite  and,  I 

platoshowing 64  | 

contact  vein  from  jjeridotite  to,  cross 

s<»ction  of 12-14  ■ 

corundumin 3;U'M  , 

cross  .section  of  x>eridotite  after  intru- 
sion in 16 

vein    lx»tween    peridotite  and.   plate 

showing -        56 

Grecian  Archipelago,  corundum  in 91 

Grimshawe,  C  ,  r»»ference  to 45 

Grimshawe  (4em  Mine.  N.  C. .  corundum  at  45. 84 
Gross  Ridge.  N.  C. ,  corundum  in  gneiss  at .  JQ  'U 
Haherabam  County,  Ga. .  corundum  in...       81 
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Hamilton  mine,  Ga. ,  comndnm  at 81 

Hampton  mine, N.C. comndnm  at 85 

Hanover,  Ala. .  c*omndnm  near 79 

Haskett  mine.  N.  C ,  corundum  at 84 

Haynie.C.C. reference  to 85 

Heady, H., reference  to 71 

Herbert  mine,  N.  C. .  <*orundum  at 85 

HUl8,R.C..  cited 80 

Higdon  mine, X.C. corundum  at 85 

Hiwassee.Ga.. corundum  near 80 

Holison.S.  8.,  reference  to 35 

Hog  Creek  mine,  Ga.,  corundum  at 81 

Holland.  T.H.,  cited 89 

Holland,  corundum  in 93 

Hunters.N.C,  corundum  at 33 

Huntington,  Mass.,  emery  at 70, HS 

In  Situ  Hill,  N.C.,  rubles  at 41 

India,  corundum  in 89-90 

Isbel  mine,  N.C..  corundum  at fo 

Johnson,  C,  reference  to 49 

Judd,J.W.,cited 80 

King, F.  P..  cited  © 

Kings     Mountain.  N.  C.     See  Gaston 
County. 

Knuth,  W.,  acknowledgments  to SO 

referem-e  to 49,30 

Kunz,G.F.,  cited '. 29,47,58 

I-Acrolx.A-.cited « 

Laurel  Creek,  Ga.,  dunite  vein  at,  i>late 

showing 68 

open  cut  at,  plate  showing 61 

X>eridotite  formation  at,  map  showing       61 

l)eridotit4'  formation  at.  plate  showing      68 

Laurel  Ocek  mine. Ga. , corundum  at.  63-<.5.81 

Laurens.  S.C. corundum  at 87 

Lawson.  A.(\,cited 80 

Ij«*dford.C.. reference  to 86 

I^edford,  J.,  reference  to 78 

Limestone,  corundum  in 38 

Lit<"hfleld,  Conn., corundum  near Sii.flO 

Louisa  County.  Va.. corundum  in 87 

Lucas. H.S., reference  to Ti 

Maciamine,  Mass..  emery  at fiU 

Magpie  Gulch,  Mont., sapphires  at 47,82 

Munn.W.. reference  to 72 

McC^oy,  Isaac,  reference  t^ 71 

Marshall,  N.C., corundum  near 85 

Maryland. corundum  in 81 

Mason  Branch,  N.  (^ .  rubies  near 4<M4 

MaHsjichusetts, corundum  in *...       KJ 

emery  in 67-70 

Melvin  mine,  Mass., emery  at 68 

Metropolitan  Bar,  Mont. ,  sapphires  at 49,82 

Micji-schist,  corundum  in 34-K 

Miller,  W.  (J., cited 31,88,J» 

Mincey  mine,  N.  C. corundum  at .W.S.*) 

open  ctit  at.  plate  showing 5i^ 

ruby  corundum  at 45 

Mine  Fork,  N.C..  corundum  at 85 

Mineral  Hill.  Pa.. corundum  at 86 

Minette.  biisic.  corundum  in 26-29 

Mining  corundum,  methods  of 73-74 

Missouri    River  bars,  sapphire  cnrstaJs 

from,  figure  showing SO 

sapphires  in  .  47,88 

Moffitt.W.. reference  to 50 

Molengraff,  cited 98 
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I'ago. 

Monroe, (ia., corundum  near 81 

M on tnna, corundum  in 6iM$7,82 

sajjphirc  deposits  in,  map  showing  lo- 
cution of 46 

sapphires  in 47-55 

Montvale,N.C.. corundum  near 45,84  \ 

Morozowicz,  cited ttJ 

Nannies  Mountain,  S.  C,  corundum  at. . .       66 

Nevada,  corundum  in 83 

New  Jersey,  corundum  in ^  . 

New  York,  corundum  in 82-83  ' 

emeryin 70-71  ; 

Newfound  Gap,  N.C.,  corundum  at 85 

NewUn, Pa.,  corundum  at 66,86  j 

Newton,  N.  J.,  corundum  at 82  , 

Nona,  N.C., corundum  at 85  | 

Norite,  corundum  in 26-28  I 

Nortli  Carolina, corundum  in 55-63,83-86  | 

emeryin 72 

jwridotite  rocks  and  corundum  locali-  j 

ties,  map  showing 54 

sapphires  iu 46-47  ■ 


80  I 
87  ' 


3»-46 
46 

8,') 
86 


Norwich,  Conn., corundum  near 

Oconee  County,  S.  C,  corundum  in 

Old  mine,  Mass., cross  section  of 

Oriental  ruby ,  distribution  and  character 

of  

Oriental  sapphires,  occurrence  of 

Owens  Creek,  N.  C- ,  corundum  at 

Patterson, C.C., reference  to 

Peekskill,  N.  Y. ,  corundum 26-28. 83 

emery  near 70-71 

Pelham.  Mass., corundum  at Ifl,  KJ 

sazoniteat 19 

Pennsylvania,  corundum  in 6«i,86,87 

Peridotile  at  Corundum  Hill,  N.  C,  map 

of M 

contact   between    gneiss   and,  ])lato 

showing. ^ 61 

corundum  in ^ 11-19 

cross  section  of,  after   intrusion  in 

gneiss 16 

outcrop  of.  plate  showing 10 

transition  from  corundum  to,  cross 

section  showing 

vein  between  gneiss  and,  plate  show- 
ing   

vein,  con ta<'t  from  grneiss  to,  cross se*:- 

tionof 12-14 

Peridotite  formation  at  Corundum  Hill, 

N.  C. ,  plate  showing 

Peridotite  rocks  in  Georgia  and  North 
Carolina,  map  showing  location  of 

Pino  Mountain.  Ga.,  corundum  at 

Pirsson.L.  V..aid  by 

cited 29,92 

quoted  .   28-29.32-4« 

Plumas  County, Cal., corundum  in 79-80 
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Porter  Springs, Ga., corundum  at . 
Powder  Springs.  Ga.,  corundum  at. 

Presley  mine, N.C., corundum  at 

Pritchard.  J. C, reference  to , 

Qninn,H.M.,  reference  to 

Rabun  Gap,  Ga., corundum  at 

Keed  mine,  N.C.,  corundum  at 


81 
81 
85 
85 
71 
81 
85 


Retgers,.!.  W..cited 93 

Retreat,  N.C., corundum  at 85 

Rock  Creek,  Mont.,  siipphiroH  on 50-51,82 

Ruby,  oriental,  distribution  and  charmr- 

terof ;«M6 

Ruby  Bar,  Mont.. sapphires  at 47,82 

corundum  in  andesite  at 29 

Ruby-bearing  gravel  at  Caler  Fork,  N.  C., 

plate  showing 40 

Ruby  crystals,  plate  showing  42 

Ruby  mine  at  Cowee  Valley.  N.  C,  plate 

showing 40 

Sackett  mine,  Mass., emery  at <»8-09 

Salomon,  W.. cited 92 

Sapphire.  N.  C, corundum  near I>1  «53, 8<> 

X)eridotite  areas  iu  vicinity  of,  map  of .        62 

sapphiresat 47 

Sapphire  crystals,  figures  showing 50 

plate  showing 52 

Sapphire  deposits  iu  Mont;iiia,  map  show- 
ing location  of 46 

Sapphires,  distribution  of .'JK  55 

varieties  of J«  10.39 

Sapphires,  oriental,  occurrence  of 46 

Saxonite,  coinindum  in  contact  with 19 

Scaly  Mountain,  N.C., corundum  at riO.86 

Serpentine,  corundum  iu 20 

Sheffield  mine.  N.  C. .  corundum  at. .  31  :«,  58, 86 

Shimerville, Pa., corundum  at 86 

Shoups  Ford,  N.  C. ,  corundum  ut 86 

Silver  Peak.  Nev.,coruudum  at 82 

Skeener  Gap,  N.  C. ,  emery  at 72,  H<> 

Smith,  J.  L.. cited 47,91 

Snow  mine,  Mass. ,  emery  at tiO  70 

Socrates  mine,  N.(-..  corundum  at 62,86 

South  Carolina,  corundum  in 66, 87 

Sphalerite,  hardness  of 38 

Spokane  Bar,  Mont., sapphire  at 48-49,82 

Spratt.  A.  N.,  reference  to 49 

Si)ratt,F., reference  to 49 

Statesville,  N.  C,  coruntluni  in  amphilx)- 

litoat 22  23 

Stone  mine.  Ga..  corundum  at 81 

Stuart.  Va., corundum  nj'ur  :i').87 

Swannanoa  Gap,  X.  C,  corundum  at   86 

Syenite,  corundum  in.., JJO-31 

Teltonville,  (ia.,  corundum  near 81 

Thomaston,  Ga.. corundum  n<ttr 81 

Thumping  Creek,  N.  C,  corumluni  at    -i^i  ;M.86 
Towns  County,  Ga..amphibolito  and  co- 
rundum in 2122 

Track  Rock  mine,  Ga.,  corundum  at <i5.81 

Tra])hagen,  F.  W.,  aid  by 31 

Turkey,  corundum  in JM 

Turkey  Knob,  N.  C,  corundum  at 8»l 

Union villo.  Pa.,  corundum  at «i6.8tr 

Uses  of  corundum 75  79 

Utah,  corundum  in 6<5,87 

Vernon,  N.J.,  corundum  ait ;16.82 

Villaifegreen,  Pa.,  corundum  at 87 

Virginia,  corundum  in 87 

Vitrified  wheel,  method  of  manufa<*turo.        77 

Vogt,  J.  n.  L,  cited 27 

WaLlrfK)p,  J.  A.,  reference  to 72 

Waldroop  mine,  N.  C,  corundum  at 72,86. 
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Walker,  T.  L.,  reference  to 90 

Watangra  mine,  X.  C,  corandum  at 85 

Webster,  N.  C,  chlorite  schist  near 21 

peridotite  at,  relation  of  e:neis8  to 12 

Weed,  W.  R,  cited 52 

Wells,  G.  A.,  reference  to 55 

West  Chester,  Pa. ,  com  ndu  ni  at ST 

West  Mills,  X.  C,  corundum  at 8« 

West  Point,  Qa.,  corundum  near 81 

Wheel,  cement,  method  of  manufacture.  78 

Wheel,  chemical,  meth^Hl  of  manufacture  77 

Wheel,  vitrified,  methotl  of  manufacture  77 


Whitehall,  Md.,  corundum  in 81 

Whitewater  mine,  N.C.,  corundum  at...  iiij6 

Williams,  G.  H.,  cited 28.27 

Winston  Salem,  N.  C,  corundum  at H6 

Wright  mine,  Mas&,  emery  at 87  68 

Yellow  Mountain,  N.  C,  corundum  at .      m,t€ 
Yogo  Gulch,  Mont.,  corundum  in  Itasic 

minetteat 28 

sapphire  crystals  from,  plate  show  ing      'li 

sapphires  on 52-55,83 

Zeb  Jones  mine.  N.  C. ,  i-orundum  at 57 

Zirkel,F..  cited JC 
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Department  of  the  Interior, 

United  States  Geological  Survey, 

Washinyto7i,  D.  C,  June  10,  1901, 
Sir:  We  have  the  honor  to  transmit  herewith,  in  form  for  publica- 
tion, the  results  of  the  primary  triangulation  and  j)rimar3'  traverse 
executed  by  the  United  States  Geological  Survey  during  the  fiscal 
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The  results  were  c(mn)uted  by  Messrs.  A.  II.  Thompson,  George  T. 
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Oeographer  hi  charge  of  Aflantic  section. 

J.  II.  Renshawe, 
Oeographer  in  charge  of  Central  section. 
E.  M.  Douglas, 
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R.  U.  Goode, 
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By  H.  M.  Wii^oN,  J.  H.  Renshawe,  E.  M.  Douglas,  and  B.  U.  (^oodk. 


8UMMARY. 

,Stimm/iry  of  puldinliefi  restdis,  1900-1901:   Triati^ulation ,  primary  tranrxv, 
iiieridian  nwrkH,  and  Ixtne  Ihirft, 


I>>cality. 


TrianfraUtioD 
stations. 


ATLANTIC  SECTION. 

Maine 

New  York 

Pennsylvania 

Maryland  

Delaware-Maryland  . 

Weat  Virj^inia . .    . 

North  Carolina 

South  Carolina     

Ohio 


CENTRAL  SECTION. 

Ohio 

Kentucky- Indiana    . 

Missouri  .   . . 

Arkansas 

Missouri-Kansas 

Iowa 


R')CKY  MOUNTAIN  SECTION. 

South  Dakota .    ... 

Montana 

Texas 

Utah-Wyoming 


I'ACIKIC  SECTION. 

Idaho 

Washing!  on 

California 

Alaska    


Total. 


11 

80 

128 

3 


15 


Traverse  sta- 
tloQS. 

^,^1^'^"          »....in..,. 

1 

1 

73 
25 

8    

1                          1 

1 

19 


12 
100 

34 


13 

4Tr, 


88  I 
122  } 
110 

170 
3H 
57  I 

•)o    ' 

95  ' 


•2<> 


tMl 


3<> 
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RESULTS  OF  PRIMARY  TRIANGULATTON  AND  PlITMARY 
TRAVERSE,  FISCAL  YEAR  1900-'0l. 


By  H.  M.  Wilson,  J.  H.  R 

Summary  of  publislied  restd 
meridi 

ENSUAWE,  E.  M.  DOUOLA 

s,  and  B.  U. 
ton,  prima r 

Qooi>K. 

8UMMARY. 

ts,  1900-1901:   Triangtdai 
an  marks,  and  bane  lines 

y  traverse  J 

Locality. 

TriangulatioD 
stations. 

Traverse  sta- 
tions. 

Meridian 
marks. 

IViM*'  linos. 

ATLANTIC  SECTION. 

Maine                            ..-.,. 

11 

80 

128 

3 

New  York        

73 
25 

8 

1 

Pennsylvania 

1 

Mar  t1  and 

Delaware-Maryland 

77 

West  Virginia 

North  Carplina        

15 



88 
122 

South  Carolina     !  . 

5 
3 

7 
2 

Ohio 1                 19 

110 

CENTRAL  SECTION. 

Ohio 

170 

Kentucky- Indiana  . : 

38 

Missouri                          ....                                    5T 

Arkansas 

Missouri-Kansas 

22 
95 
35 

1 

8 

Iowa i- 

ROCKY  MOUNTAIN  SECTION. 

South  Dakota ..  . 

12 

100 

13 

34 

5 

9 

34 

13 

1 

Montana 

Texftw 

29 

Utah- Wyoming 

PACIFIC  SECTION. 

Idaho 

Washington 

California . 

Alaska 

1 
1 

:{6 

1 

Total 

47(>  1                941 

1 

Bull.  181—01         2 
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PRIMARY  TRIAKGULATION  AND  PRIMARY  TRAVERSE.    [bull.18L 


ATIiANTIC    SECTION  OF   TOPOGRAPHY. 

MAINE. 
Triangulation  Stations. 

Triangulation  of  1899  was  extended  northeastward  from  Charleston 
and  Lowell  stations  during  July  and  August,  1900,  by  Mr.  S.  S.  Gan- 
nett, who  occupied  7  stations  and  located  5  points  controlling  3  fifteen- 
minute  quadi*angles. 

CARROLL,  PENOBSCOT  COUNTY. 

On  a  high  ridge  in  Carroll  Township,  1  mile  southwest  of  Cari'oll 
post-office,  on  land  jwned  by  Fred  Oli  /er,  who  lives  75  yards  e^st  of 
station.  Timber  30  feet  high  on  north  end  of  ridge  obstructs  view 
from  northwest  round  by  north  to  southeast. 

Station  mark :  A  copper  bolt  cemented  in  upper  surface  of  embedded 
bowlder. 

[Latitude  45"  24'  22.50' .     Longitude  08   03  14.84  '.] 


To  station- 


Almanac 

Passadumkeag .  . 

Peasley ... 

Knob 

Woodville 

North  Woodville. 
Katahdin    . 


Azimath. 


Back  azimuth.  I  Log.  diMtance. 


23  59  53. 0 

37  47  47. 5 

58  49  26. 7 

75  43  22.0 

103  27  24.3 

119  35  31.8 

129  38  22.4 


203  58  12.1 
217  34  52.7 
238  33  41.2 
255  29  35.0 
283  08  40.6 
299  18  47.6 
309  01  23.0 


Meter  9. 

3.8837120 
4.5892083 
4.5300442 
4.4161767 
4.5467760 
4.5457384 
4. 9394592 


ALMANAC,    PENOBSCOT   COUNTY. 

On  a  high  ridg(»  in  Lakeville  Township,  U  miles  south  of  Soutn 
Springfield,  on  land  owned  by  Philo  Hearce.     Small  timber  at  east  end. 

Station  nmrk:  A  irianite  post  30  by  8  by  S  inches,  set  16  inches  in 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangu- 
lation tal)let. 

(Latitude  45    20  36.07  .     Longitude  6H    05' 37.77  ".] 


To  station- 


Azimuth. 


Passadumkeag ,  41  05  34. 7 

Peasley ;  67  47  ',^0.8 

Knob 9125  10.6 

Woodville !  115  58  03.0 

I 

North  Woodville 131  32  42. 6 

Carroll i  203  58  12.1 


1  Ba<k  azimuth. 

Log.  distance. 

■         ... 

Meters. 

220  54  22. 9 

4.4977135 

247  33  17.5 

4.4463959 

I    271  13  06.6 

4.3455954 

295  41  01.6 

4.5396474 

311  17  40.6 

4.5643863 

23  59  53.9 

1 

3.8887121 
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Situated  on  the  east  end  of  Passadumkeag  Mountain,  the  highest 
point  in  the  town  of  Grand  Falls. 

Station  mark:  Tall  spruce  tree  blazed  on  four  sides. 

[Latitude  45   07'  47.04".     Longitude  68°  21'  23.90 ".]. 


To  station- 


Peaked  . . . 
Greenfield 
Peasley  . . 
Carroll  .  . 
Almanac. 


Azimuth. 


14  18  22.0 

50  16  23.2 

158  13  15.5 

217  34  52.7 

220  54  22. 9 


Back  azimnth. 


Log.  distance. 


194  13  47.8 

230  12  13.3 

338  10  24.8 

37  47  47. 5 

41  05  34.7 


Meters, 

4.5375904 

4.0014896 

4. 1502341 

4.5892082 

4.4977135 


KNOB,  PENOBSCOT  COUNTY. 

(Not  occupied.) 

A  prominent  timbered  peak  in  the  east-central  portion  of  town  of 
I^iricoln. 

Station  niark:  A  tree  on  summit  of  peak. 


I  Latitude  45   20  52.60".     Longitude  68   22  35.45  .] 


To  Htation- 


Peasley 

Fish  Hill  . 
WcKxlville 
Carroll 
Almanac. 


Azimuth. 


Back  uzimnth. 


18  18  53.7 

88  43  51.8 

148  12  22.3 

255  29  35. 0  ' 

271   13  06.6 


198  16  53.6 

268  38  13.3 

328  07  26.0 

75  43  22.6 

91  25  10.6 


hog.  distance. 


Meters. 

4.0689899 
4.0140397 
4.2346552 
4.4161767 
4.3455954 


PEASLEY,    PENOBSCOT   COUNTY. 

On  highest  point  of  bare,  grass-covered  liill  in  the  town  of  Turling- 
ton, cast  of  Esculassis  Pond. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  gran- 
ite, level  with  surface  of  ground. 


20         PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE.    immA..m. 
[Latitude  45"  14'  52.10".     Longitude  68''  25'  24.85".] 


To  sUtion— 

Azimath. 

BAckasimuth. 

Log.  distance. 

Greenfield 

e          /           // 

7  09  42.6 
130  08  37.8 
148  36  13.3 
168  11  27.1 
177  11  03.0 
198  16  53.6 
238  33  41.2 
247  33  17.5 
338  10  24.8 

o         /          /' 

187  08  23.0 

310  06  15.9 

328  32  36.2 

348  08  31.0 

357  10  06.6 

18  18  53.7 

58  49  26.8 

67  47  20.8 

158  13  15.5 

Meters. 
4.2948006 

Lowell : 

Fiffh  Hill 

3.7554309 
4.1059741 

Woodville 

4.4194598 

North  Woodville 

Knob 

Carroll 

4.5431412 
4.0689899 
4.5300442 
4.4463959 

Passadumkeag 

4.1502341 

NORTH   WOODVILLE,  PENOBSCOT  COUNTY. 

(Not  occupied.) 

On  a  cultivated   ridge  in  northern  central  portion  of  Wowlville 
Plantation. 

Station  mark:  A  clump  of  bushes  in  a  big  pile  of  granite  bowlders. 

[Latitude  45'  33  42.03".     Longitude  08   26'  43.47  ".] 


To  Htation  — 

Azimnth. 

21  44  32.7 
299  18  47. 0 
311  17  40.6 
357  10  00.6 

Back  azimuth. 

Log.  diHtanre. 

Woodville  . 

201   42  33.2 
119  35  31.8 
131  33  42.6 
177  11  03.0 

Metertt. 
3. 9944700 

Carroll 

4.5457:384 

Almanac. . 

4.5643863 

Peasley 

4.5431412 

LOWELL,    PENOBSCOT   COUNTY. 

Situated  on  the  summit  of  the  highest  hill,  in  heavy  timber,  to  the 
east  of  Cold  Stream  Pond  in  the  northern  part  of  the  town  of  Lowell. 
Sight  lines  were  cut  to  stations  Charleston,  l^ine  Tree,  Woodville, 
Peasley,  and  Greenfield. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  ro<*k 
and  inark(»d  *'U.  S.  (Tcological  Survey,  Maine." 

[Latitude  45    16'  50.97  ".     Longitude  68   28'  44.06  ".] 


To  station  — 


Charleston 
Pine  Tree . 
Woodville 
Peasley  . . . 
Greenfield 


Azimuth. 


Back  azimuth.     Log.  distance. 


66  00  13.7 

82  3S  15.6 

177  18  08.3 

310  00  15.9 

355  IT  11.2 


245  37  20.2 
262  26  20.2 
357  17  34.3 
130  08  37.8 
175  18  13.2 


I 


Meters. 

4.6657619 

4.3452270 

4.3437360 

3. 7554309 

4.3671206 
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WOODVILLE,   PENOBSCOT  COUNTY. 

On  a  cleai'ed  ridge  in  southwest  corner  of  Woodville  Plantation,  on 
land  owned  by  Jerry  Glidden,  who  lives  on  southeast  side  of  ridge; 
station  on  east  side  of  a  big  pile  of  rocks  on  bare  ledge.  View 
obstructed  by  timber  on  northeast  end  of  ridge. 

Station  mark:  A  granite  post  18  by  11  by  11  inches,  set  12  inches 
in  the  ground  on  solid  ledge;  in  the  center  of  top  of  post  is  cemented 
a  bronze  triangulation  tablet. 

[Latitude  45**  28'  44.96".    Longitude  68^  29'  31 .88".] 


To  station— 

Azimuth. 

FishHill 

4  51  40.0 

Charleston 

45  16  07.4 

Mattamiscontis    

80  48  44.4 

Katah'lifT 

144  59  59.6 

North  Woodville.... 

Carroll .  

Almanac. 

Knob 

201  42  33.2 
283  OS  40.6 
295  41  01.6 
328  07  26.0 

344  38  29.2 

Peasley 

Lowell .  .. 

348  08  31.0 
357  17  34.3 

^;k  azimuth. 

Loif.  distance. 

o                .                /. 

Meters. 

184  50  58. 8 

4. 1724197 

224  53  45.6 

4.7641319 

260  39  00.8 

4.2547967 

324  41  48.5 

4.7597900 

21  44  32. 7 

3.9944700 

103  27  24.3 

4.5467760 

115  58  03.0 

4.5396474 

148  12  22.3 

4.2346552 

164  44  17.8 

4.6049016 

168  11  37.1 

4.4194598 

177  18  08.3 

4.3437360 

FISH   HILL,   PENOBSCOT  COUNTY. 

On  a  cleared  hill  one  mile  south  of  Lincoln  Village  in  the  town  of 
Lincobi,  overlooking  all  country,  though  view  is  limited  southward 
to  about  5  miles  and  eastward  to  about  6  miles. 

Station  mark:  A  granite  post  30  by  7  by  7  inches  set  28  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation tablet. 

[Latitude  45"  20'  44.90".    Longitude  68  30'  29.78".] 


Azimuth. 

Back  azimuth. 

Log.  distance. 

Charleston 

of// 

56  54  19.7 
125  55  04.5 
152  51  44.8 
184  50  58.8 
268  38  13.3 
328  32  36.2 
333  34  27.2 

236  32  40. 6 
305  46  04.2 
332  34  12. 4 
4  51  40.0 
88  43  51.8 
148  36  13.3 
153  40  59.7 

Meters. 

4. 6789897 

Mattamiscontis  .       

Katahdin 

WoodvlDe -. 

Rnoh 

4.3087467 
4.8425063 
4.1724197 
4.0140397 

Peasley ... 

Paandumkeag: 

4. 1059741 
4. 4282994 
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MATTAMISCONTIS,  PENOBSCOT  COUNTY. 

(Not  (KM»upied.) 

A  well-known  prominent  nionntain,  10  mile^  (air  line)  northwest  of 
Lincoln. 
Station  nmrk :  A  t^ill  pine  tree  on  highest  point. 

I  Latitude  45  27  11 .05  .     Longitnde  68"  48'  08.55".] 


To  station— 

Charleston   

Woodville 

Pish  Hill... 


Azimuth. 

31  35  31.0 
260  39  00.8 
305  46  04.2 


r 


Back  azimnth. 

o  »  n 

211  22  49.8 

80  48  44.4 

125  55  04.5 


Lot;  distance. 

Meter*. 
4.6503316 
4.2547967 
4.3087467 


KATAHDIN,  PISCATAQUIS   COUNTY. 

(Not  oeenpied.) 

The  liighest  and  best-known  nionnl^iin  in  Maine. 
Station  mark:  Sharp,  rocky  snmmit  of  monntain. 

[Latitnde  45   54  OS.Ol  .     Longitude  6fi   55  02.15".] 


Tostatioii  — 


Azirauth. 


Ba(;k  azimuth.  I  Xjog.  distance. 


Charleston !  5  04  30.3 

Carroll j  309  0123.0 

Woodville        ,    !  324  4148.5 

Fish  Hill 332  34  12.4 


ia5  00  15. 2 
129  38  22. 4 
144  59  59.6 
152  51  44.8 


Meters. 
4.9463810 
4.9394592 
4. 7597900 
4.8425063 


NEW    YORK. 

Triang^lation  Stations. 

Dnring  the  season  of  190(1  fonr  parties  were  engaged  on  triangnla- 
tiou  in  New  York  under  the  general  snptM'vision  of  Mr.  S.  S.  Gannett. 
In  the  central  portion  of  the  State  a  belt  of  triangulation  was  extended 
by  Messi-s.  Griswold  and  McNair  from  Virgil- Warren  eastwanl  to 
Utsayantha-Otscgo  stations  of  the  Ganliner  State  sur\'ey.  In  the 
southeastern  iK)rtion  of  the  State  the  work  of  the  United  States  Coast 
and  Geodetic  Survey  was  extended  northwanl  by  Mr.  Oscar  Jones 
from  stations  l>earfort.  High  Point,  llambuig.  and  High  Torne,  con- 
necting with  the  work  of  Mr.  ^NIcNair  at  stations  Andes,  Bramley, 
and  Utsiiyantha. 

During  the  summer  months  Mr.  McXair  was  transferred  to  the 
Adirondack  region,  wiiei*c  \\v  t»xrcnt«Ml  control  for  six  15' quadrangles 
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by  trian^ulHtion  based  upon  Blue-Vanderwhacker.  Twelve  stations 
were  occupied  and  f>  points  located  by  intersections.  During  Septem- 
ber he  ran  a  line  of  primary  traverse  from  Ogdensburg  light-house 
(located  by  the  United  States  Lake  Survey)  to  Churubusco  and  Owls 
Head  (triangulation  stations  of  the  United  States  Geological  Survey) 
with  several  spur  lines,  a  total  distance  of  142  miles,  furnishing  con- 
ti*ol  for  five  15'  quadrangles. 

Mr.  S.  Tatum  extended  triangulation  northward  from  Penn-Myer, 
CH'cupying  nine  stations,  and  also  occupied  and  located  one  station, 
Webb,  from  West  and  Morris,  the  total  number  of  quadrangles  con- 
trolled being  four. 

The  net  results  of  the  season's  work  were  the  occupation  of  70  tri- 
angulation stations  and  the  running  of  142  miles  of  primary  traverse, 
controlling  44  quadrangles  in  portions  of  the  counties  of  Orange, 
Sullivan,  Ulster,  Delaware,  Otsego,  Oneida,  Madison,  Chenango, 
Coi-tland,  Broome,  Herkimer,  Essex,  Hamilton,  Franklin,  Clinton, 
Lewis,  and  St.  Lawrence.  Meridian  lines  were  established  at  Goshen, 
Delhi,  Coopei*stown,  Utica,  Hamilton,  Norwich,  Hinghamton,  and 
Malone. 

AVERILL,  CLINTON  COUNTY. 

On  a  high,  cleared  mountain  alK)ut  3  miles  southeast  of  Lyon  Moun- 
tain station  on  Chateaugay  Railway. 

Staticm  mark:  A  copper  bolt  set  in  solid  rock  and  marked  ''Adii'on- 
dack  Survey— V.  C.  33." 


[Latitude  44 '  41  34.68  .     Longitude  73   52  52.72  '.] 


To  Ntation— 


Azimuth. 


MooeePeak 14  27  33.2 

Lookout    45  48  07.8 

Debar... 69  52  33.0 

Owls  Head  (2) ,  104  23  30.2 


Back  azimuth. 

Log.  distance. 

o          ,          n 

Meters. 

194  22  22.9 

4.5938655 

225  41  01.8 

4.2709061 

249  38  13.6 

4.4582297 

284  11  44.7 

4.3573875 

MARCY,  ESSEX   COUNTY. 

A  high,  bare  mountain,  the  highest  in  the  Adlrondacks,  in  the 
western  part  of  Keene  Township.  There  is  a  good  trail  to  the  sum- 
mit from  Adirondack  Lodge,  9  miles  distant,  and  one  from  the  Ausa- 
ble  Lakes,  alx>ut  the  same  distance. 

Station  mark:  A  copper  bolt  in  solid  rock,  marked  "Station  No.  I 
N.  Y.  S.  Adirondack  Mtn.  Survey." 
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[Latitude  44^  06'  46.10' .     Longitude  73"  55'  26.99".] 

To  Htatioii—  Azimuth. 


Vanderwhacker 

Blue 

Seward 

Mclntyre 

Moose  Peak 


30  08  51.4 

55  16  19.8 

103  2:3  59.8 

124  11  47.0 

166  25  55.8 


Back  asimnth. 

Loff.dtetanoe. 

o            /           tf 

ifefort. 

210  01  40.7 

4.4401357 

234  56  26.4 

4.6690929 

283  12  28.2 

4.3557847 

304  09  09.0 

8.7850100 

346  22  84.7 

4.4347725 

M'INTYRK,    ESSEX   COUNTY. 

(Not  occupied.) 

A  very  high,  bahl  mountain  in  the  soutlieni  part  of  North  Elba 
1\)\vnship. 
Station  mark :  A  bolt,  probably  of  the  New  York  State  laud  survey. 

[Latitude  44'  08  37.04".     Longitude  73'  59'  13.82'.] 


To  station— 


Azimuth. 


Back  azimutb.  >  Lo^.  difitaiic«^. 


Vanderwhacker 

Seward 

Ampersand 

Moo8e  Peak 


Marcy I     304  09  09.0 


o          1          n 

o         1         n 

Mete^'9. 

17  50  39.0 

197  46  05.0 

4.4568900 

96  05  50.0 

275  56  56.0 

4.2336600 

120  25  51.0 

300  16  49.0 

4.3012800 

176  37  12.0 

356  36  30.0 

4.3629900 

304  09  09.0 

124  11  47.0 

3.7850100 

MOOSE   PEAK,  ESSEX    COUNTY. 

On  ii  liifrh,  clc^an^d  monntaiii  in  the  northwestern  part  of  Essex 
County  on  tin*  north  side  of  Lake  Placid.  There  is  a  goo<l  trail  from 
th(»  Lake  Placid  side. 

Station  mark:  A  half-inch  hoh*  drilled  in  bowlder. 


[Latitude  44    21'  03.00 


.] 


To  Htjition— 


Seward 

Ampersand 
McKenzie . . 

Morris 

St.  Regis... 

Debar  

Lookout  . . . 

Averill  

Marcy  .    . . . 


Longitude  74    00  15.2 
Azimuth.        |  Back  azimuth.  .  Lofir- (li»«tan<^. 


30  26  49.6 

50  26  33. 0 

54  34  31.0 

60  44  41.0 

104  00  49.1 

148  30  49.0 

171  40  17.4 

194  2'2  22.9 

340  22  34.7 


216  18  37.6 
230  48  13.0 
234  33  19.5  i 
240  24  56.6  i 
283  47  08.7  | 
328  21  42.8 
351  44  22.7  j 
14  27  33.2  i 
166  25  55.8  ! 


Metrrs. 

4.4210862 
4.31ia300 
3.4435800 
4.6357242 
4.4273682 
4.5178874 
4. 4023.504 
4.5938655 
4.4347725 
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LOOKOUT,  FRANKLIN  COUNTY. 

A  bai-e  rcK^ky  luountain  about  2  miles  east  of  Loon  Lake.  Can  be 
i-eacliecl  from  Loon  Lake  House  by  trail  in  about  1^  hours,  or  from 
Lo<#n  Lake  station  by  road  and  trail  in  about  same  time. 

Stati(mmark:  A  bi-onze  triangulation  tablet  cemented  in  solid  i*ock 
and  marked  '*IT.  S.  CTeologieal  Survey,  New  York." 

[Latitude  44*^  34'  32.80 ".    Longitude  74'  02  59.05".] 


To  station - 


Azimuth. 


Bairk  uziinuth.     Lok- distance. 


St.  Regis 50  18  59. 

Debar 102  50  04.4 

Owls  Head  (2)    ...   154  56  52.4 

AveriU '  225  41  01.8 

Moose  Peak !  351  44  22.7 

McKenzie  I  357  03  40.0 


230  07  12. 4 
282  42  51.5 
:iU  52  13.9 
45  48  07.8 
171  46  17.4 
177  04  23.0 


Meters. 

4.4626659 
4. 1444627 
4.3135926 
4.2709061 
4.4023504 
4.4255200 


M'KKNZIli,  ESSKX  COUNTY. 
(Not  oeeupied.) 

A  liipfh  cleared  mountain  in  northwesUMMi  part  of  Esse.x  Count}', 
about  .*{  miles  northwest  of  Lake  Plaeid. 

Station  mark:  Probably  a  bolt  of  New  York  State  land  survey. 

[Latitude  44'  20'  10.91".     Longitude  74    01'  57.39  .] 


To  station— 


Seward 

Ampersand  . 
St.  Regis.  ... 
Lookout  . . . 
Moose  Peak 
Marcy 


Azimuth. 

Back  azimuth. 

Lo^.  distance. 

o      /       ,/ 

/   /. 

^feterH. 

34  20  28 

214  13  28 

4.375,58 

50  21  12 

230  14  03 

4.24787 

108  49  40 

288  37  11 

4.398.56 

177  04  23 

357  03  40 

4.42552 

234  33  19 

54  34  31 

3.44358 

340  43  55 

160  48  28 

4. 42010 

OWL8  HEAD  (2),  FRANKLIN   COUNTY. 

On  a  1-ocky  point  about  one-half  mile  northeast  of  Owls  Head  sta- 
tion, on  Mohawk  and  Mahme  Railway.  Ridge  is  <M)nsid<*rabIy  higher 
to  north.     View  cut  off  from  north  to  (^ast. 

SUition  mark:  A  eopp<»r  bolt  leadtMl  in  vork,  inark<Ml  ''U.  S.  (4.  S." 


2(i         PRIMARY  TRI ANGULATION  AND  PRIMARY  TBAVEBSS.    Ctoll-ISI. 
[Latitude  44^  44   36.81.     Longitude  74^  09'  35.80".] 

To  station  - 


Debar 

Averill 

Lookont 


Azimuth. 

Back  azimntb. 

h(yg.  distADce. 

o                /                 /' 

o 

Meters, 

17  20  43.9 

197  18  09.0 

4.2121883 

284  11  44.7 

104  23  30.2 

4.3573875 

3:U  52  13.9 

154  56  52.4 

4.3135026 

hi(;h  torne,  hoc^kland  county. 

A  station  of  tlie  ITiiited  St«,t.e8  Coast  and  Geoiietic  Survey  in  Ramapo 
Townsliip  about  1  mile  northeast  from  Ramapo  station  on  the  New 
York,  Lake  Erie  and  Western  Railroad,  on  the  summit  of  a  promi- 
nent elevation  known  as  High  Torne,  which  falls  off  abruptly  on  the 
southeast  end.  Station  is  al>ont  400  feet  northeast  fi*om  a  large  cliff. 
Land  is  owned  by  II.  I.  Pierson,  of  Ramapo. 

Station  mark:  A  three-fourths  inch  l>olt  eemente<I  in  solid  rock. 

[Latitude  41    09'  05.30  '.     Longitude  74"  09'  47.32.'  ] 


Tci  Htatiou- 


BaldHill. 
Bearfort  . 


Azimuth. 


30  48  57.0 
86  28  25.3 
Sterling,' i     152  57  22.4 


Ba(*k  azimuth. 


210  41  32.8 
260  19  23. 1 
332  54  23.9 


Lof?.  distance. 

Meter*. 
4.4214816 
4.2845292 
4. 1420525 


I 


SKWAKD,  FRANKLIN    COUNTY. 

In  the  southeastern  part  of  Franklin  County,  on  a  high  niount-ain  3 
miles  south  of  Ampersand  Pond.  It  is  covered  with  a  dense  growth 
of  small  balsam,  but  summit  has  been  partly  cleared.  Best  reached 
from  cabin  of  Santa  Clara  Lumber  Company  on  Ampersand  Pond. 
Follow  up  Ward  Hrook  on  logging  road,  take  second  left-hand  i-oad, 
then  keep  to  left  to  end  of  load,  whence  a  blazed  trail  maybe  followed 
to  summit. 

Station  mark:  A  copper  bolt  set  in  solid  rock  2  feet  below  surface 
of  jrrouiid. 


WILflON  BT  AI-]  NEW    YORK. 
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ToHtatiou— 


Bine 

Morris 

St.  Regis 

Ampersand 

McKenzie 

Moose  Peak 

Mclntyre 

Marcy 

V^anderwhaoker 


Aziiuutb. 

Bark  azimuth. 

O            /                II 

Tx>g.  distance. 

o           / 

Meters. 

26  54  00. 0 

206  45  36.3 

4.5535558 

90  05  24.8 

269  53  53.6 

4.3433268 

159  28  26. 7 

339  22  59.9 

4. 4704091 

178  17  56.0 

358  17  48.0 

3.9201400 

214  13  28.0 

34  20  28.0 

4.375^5800 

216  18  37.6 

36  26  49.6 

4.4210862 

275  56  56.0 

96  05  50.0 

4.2336600 

283  12  28.2 

103  23  59.8 

4.3557847 

344  00  06.0 

164  04  25. 4 

4.4803631 

AMPERSAND,  FRANKLIN  COUNTY. 

(Not  cM'CMipied.) 

A  baro  rocky  mountain  in  the  southeastern  corner  of  Franklin 
County,  on  the  north  side  of  Ampersand  Pond.  Can  be  easily 
readied  from  Ampersand  Pond. 

Station  mark:  I5olt,  probably,  of  the  New  York  State  Tiand  Survey. 

[Latitude  44"  14'  04.68  ".     Longitude  74^  12'  11.35  .] 


To  Htatiou— 

Azimuth. 

Back  azimuth. 

liOg.  distance. 

Morris               

69  11  42 
87  26  27 
152  24  35 
230  14  03 
230  48  13 
300  10  49 
3.58  17  48 

249  00  18 
267  16  25 
332  19  16 
50  21  12 
50  26  33 
120  25  51 
178  17  56 

Meiers. 
4. 36771 

Haves              

4.28293 

*-""j*^  — ---. — 

St.  R6*»is                            

4.33909 

McKenzie 

4. 24787 

Moose  Peak     

4.31103 

Mclntyre 

4.30128 

Seward                        

3.92014 

DEBAR,   FRANKLIN   COUNTY. 

A  high  cleared  mountain  in  Duane  Township,  about  4  miles  south 
of  Duane  i)ost-offiee.  Best  reached  from  Debar  Pond  on  northeast 
Hide  of  mountain.     No  trail. 

Station  mark:  A  bi-onze  trianj^ulat ion  tablet  ceiiuMited  in  solid  rock 
and  marked  **IT.  S.  Geological  Survey,  New  Yoik." 


28         PRIMARY  TRl ANGULATION  AND  PRIMARY  TBAVEBSE.    [wjli.181. 
[Latitude  44'^  36  12.71  .     Longitude  74"  13'  15.68  ".J 


To  Htation- 


St.  Regis 

Rice 

Azure 

Owls  Head  (2) 

Averill 

Lookout  _   

Moose  Peak 

Duane  M.  £.  ('hnrch 


Azimnth. 

21  52  12.9 
45  07  15.0 
72  48  18.5 
197  18  09.0 
249  38  13.6 
282  42  51.5 
328  21  42.8 
151  53  58.0 


Bacrk  azimuth. 


Lot;.  disUnoe. 


201  47  37.7 
225  01  52.0 
252  36  30.5 
17  20  43.9 
69  52  83.0 
102  50  04.4 
148  30  49.6 
331  52  12.0 


Meten. 

4.3678053 

4.1566600 

4.3676167 

4.2121883 

4.4582397 

4.1444637 

4.5178874 

3.8487800 


STKRLIN(;,  ORANGK    COUNTY. 

Near  tlie  west  side  of  a  bushy  ridge  in  Tuxedo  Township,  S.  C7°  W. 
14  miles  from  tlie  southwest  extremity  of  Lake  Mombasha,  on  land 
owned  by  the  Sterling  Park  Company. 

Station  mark:  A  copper  bolt  1  inch  in  diameter  wedged  in  bowlder 
and  }  inch  above  surface,  stamped  *'  U.  S.  G.  S."  Bowlder  2  by  3  feet 
and  (')  inches  al)ove  ground. 

Reference  marks:  Arrow  cut  near  north  end  of  bowlder  3  bj^  4  feet 
and  4  inches  above  ground;  azimuth  110°,  distance  8.04  feet.  Arrow 
cut  in  bowlder  (>  b}'  4  feet  and  1  foot  above  ground;  azimuth  70"',  dis- 
tance 13.70  feet.  Arrow  cut  in  bowlder  5  by  3  feet  and  1  foot  above 
ground;  azimuth  287"",  distance  5.51  feet.  Signal  ti-ee;  azimuth  148°, 
distance  21). 01  feet. 

[Latituae  41    15  45.(U  .     Longitude  74    14'  lS.2r'.J 


To  stilt  ion— 


Bearf ort  . . . 
High  Point 
Eve 

Houston  . . . 
Sams  Point 
High  Tome 


Azimuth. 

Back  azimuth. 

Lf«.  distance. 

0        , 

0        . 

3/cr^er*. 

Hi  35  48. 2 

223  29  43. 8 

4.2720158 

100  28  18. 1 

280  11  32.0 

4.5570329 

106  22  40. 1 

286  15  41.1 

4.1875280 

158  OJ  52. 5 

337  59  03. 7 

4.4383573 

167  43  03.4 

347  38  20.8 

4.66m35 

332  54  23.  9 

152  57  22.4 

4.142(^ 

DIIANK,  M.   K.  CHUKCH,  FRANKLIN   COUNTY. 

(Not  occupied.) 

Situated  in  Duane  Townsliip  neai'  Duauc^  post-office. 
Station  mark:   ('(Mitci- of  cliui-cli  spii-e. 
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To  ntation--- 


Asure 
Debar. 


Lzimutli. 

Ilaok  azimnth.  1 

1 

235  06  10 

151  5: J  58  i 

Log.  distance. 

55  16  13  ! 
331  52  12  1 

Meters. 
4.36259 
3.84878 

ST.    REGIS,  FRANKLIN   COUNTY. 

On  H  Imw;  rocky  mouutHiii  about  5  miles  west,  of  Lake  Clear  Juuc- 
tion,  on  Moliawk  and  Malone  Railway.  Can  Iw  reached  in  about  three 
hours  from  Lake  Clear  Junction  by  driving  to  Upper  St.  Regis  Lake, 
thence  taking  boat  to  head  of  lake,  a  short  rarvy  to  Spectacle  Pond, 
thence  across  the  pond,  thence  a  good  trail  to  summit. 

Station  mark:  An  aluminum  bolt  set  in  solid  rock  and  marked  *'N. 
Y.  S.  Land  Survey  V.  Colvin  Supt.  No.  300." 

[Latitude  44'  24'  31.27 '.     Longitude  74    19  48.32  . J 


To  station^ 


Morris 

Hayes 

Azure 

Rice 

Debar 

Lookout  

Moose  Peak 
McKenzie... 
Ampersand  . 
Seward 


Azimuth. 


Back  aKimuth.     Lojf .  distance. 


22 
24 
137 
172 
201 
230 
283 
288 
332 
339 


/          // 

Kl                                 /                                // 

MetevH. 

50  21.0 

202  44  15. 1 

4.4771258 

02  35.0 

203  57  51.0 

4.3452200 

17  13.9 

317  10  02.2 

4.3022069 

37  34.0 

352  36  47.0 

4.065ir)00 

47  37. 7 

21  52  12.9 

4.36r8052 

07  12.4 

50  18  59.7 

4.4626659 

47  08.7 

104  00  49. 1 

4.4273682 

37  11.0 

108  49  40. 0 

4.3985600 

19  16.0 

152  24  35. 0 

4.3390900 

22  59.9 

159  28  26. 7 

4. 4704091 

KEMPSHALL,  HAMIL^TON    COUNTY. 

A  heavily  tim])ered  mountiiin  in  the  town  of  Long  Lake,  on  tlie  <'ast 
side  of  Long  Lake,  2  miles  south  of  Lsland  Hotel.  Sight  lines  are 
clearecl  through  timbin*  to  Blue,  West,  Nigger  Head,  Owls  Head, 
MorriSy  St.  Regis,  and  Ampersand.  Theodolite  elevate<l  20  feet  on 
trunk  of  tree. 

Station  mark:  Cent<3r  of  trunk  of  tree  2  feet  in  diameter  cut  off  20 
feet  from  ground.     Station  number,  493. 

Reference  mark:  A  copper  bolt  set  in  a  bowlder  2^  feet  in  diameter 
embedded  in  the  roots  of  trunk,  bolt  Ixjing  2  feet  northwest  of  center 
of  tree. 


30  PRIMARY  TRIANGrLATION  AND  PRIMARY  TRAVERSE.    lMJLi-.lffl. 

[Latitude  44^  01'  28.43  ".    Longitude  74"  19'  43.W".] 


To  station- 


Blue  . 

West.. 

Morris 


Azimuth. 


Back  asimntb.  I  Log.  distance. 


I 


Mmters, 

18  42  04.4^  108  39  06.6     4.2512888 

58  57  16.0  !  838  41  35.4     4.5481265 

142  16  28.2  i  322  10  24.0  •    4.2789150 


RICE,  FRANKLIN   COUNTY. 

(Not  occupied.) 

Oil  H  partly  cleared  inouutain  alioot  3  miles  east  of  Madawaska  sta- 
tion, on  the  New  York  and  Ottawa  Railway.  Can  go  in  rowboat 
from  station  to  foot  of  mountain. 

Station  mark :  A  bronze  triangnlation  tablet  cemented  in  solid  rock. 

[Latitude  44   30'  44.56  .     Longitude  74   20  55.82'  ] 


To  station- 


Azure  

Debar      ..*. 
St  Regis.   . 


Azimuth. 


104  50  29 
225  01  52 
352  36  47 


Back  azimuth,  i  Log.  distance. 


o          .        /. 

Meten. 

284  44  03 

4.OO800 

45  (r:  15 

4.15666 

172  37  34 

4.06515 

SAMS   POINT,  TLSTER  COUNTY. 

In  Warwarsing  Township,  0  miles  from  Ellen ville,  on  the  southern 
end  of  a  ixx»ky  ridge  locally  known  as  Sams  Point,  and  owne<l  b\*  Le 
(xrand  Hottsfoitl,  who  lives  under  the  bluff  4(K)  yards  south  of  st^ation. 

Station  mark:  A  l)ronze  triangulation  tablet  cemented  in  a  large 
flat  rock. 

Reference  marks:  Arrow  cut  in  flat  rock;  azimuth  1°,  distance 
38.43  feet.  Arrow  cut  in  flat  rock;  azimuth  297°,  distance 51.97  feet. 
Arrow  cut  in  flat  rock;  azimuth  VJO",  distance  14.22  feet. 
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To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

o        '            // 

Meters. 

Houston 

0  39  23.5 
33  19  35.9 

180  39  16.9 
213  07  28.5 

4.3051821 

High  Point                         

4.6672128 

Vernon   

36  58  17.9 

216  51  59.9 

4.3415805 

Boads 

56  10  16.9 

235  59  37.5 

4.4292886 

Wolf 

66  48  34.2 

246  39  29.6 

4.3149145 

Monticello- . 

87  17  09.0 

267  04  09.7 

4.4338327 

Walnut 

110  49  25.5 

290  32  56.2 

4.5648950 

SouthHill 

142  43  36. 1 

322  37  17.4 

4.3358465 

Denman 

149  31  57.0 

329  24  36.5 

4.4778896 

Graham 

158  42  30.5 

338  34  47. 4 

4.6430438 

Slide .. 

176  10  36.6 
347  38  20.8 

356  09  27.3 
167  43  03.4 

4.5627499 

Sterling 

4.6666435 

HOUSTON,  ORANGE  COUNTY. 

On  a  cleared  hill  in  Walkill  Township,  one-half  mile  north  of  Scotch- 
town  post-office,  on  land  owned  by  Robert  Houston.  Harry  Smith 
lives  300  yards  south  of  station.     A  good  Wew  in  all  directions. 

Station  mark :  A  stone  post  20  by  8  by  8  inches,  set  flush  with  the 
surface  of  ground,  in  center  of  top  of  which  is  cemented  a  bronze  tri- 
aiigulation  tablet. 

Reference  marks:  Large  stone  pile  in  fence  corner;  azimuth  185°, 
distance  119.85  feet.  Arrow  cut  in  north  end  white  rock  3  by  2  feet 
and  1  f(X)t  above  ground;  azimuth  340°,  distance  1()4.73  feet.  Arrow 
cot  in  north  end  of  rock  ledge  10  by  4  feet  and  1  foot  above  ground; 
azimuth  23°,  distance  242.22  feet.  Stone  wall;  azimuth  90°,  distance 
60  feet. 

[Latitude  41    29  20.99  .     Longitude  74^  21  35.00  '.] 


To  station- 


Eve 

High  Point .. 

Writer * 

Vernon 

Sams  Point 

Sterling 


Azimuth. 

12  29  31.5 

53  37  03. 5 

73  27  08. 3 

101  32  05.0 

180  39  16.9 

337  59  03. 7  ! 


Back  azimuth. 

192  27  20.4 
233  25  04.0 
253  18  36.1 
281  25  54.3 
0  39  23. 5 
158  03  52.5 


Log.  distance. 


Meters. 

4.3289821 
4. 4973076 
4.2725795 
4. 1219453 
4.3051821 
4.4333572 
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SLIDE,   ULSTER  COUNTY. 

On  the  highest  peak  in  the  Catskill  Mountains,  5  miles  south  of 
Slide  Mountain  post-offiee,  or  J.  W.  Dutcher's  house. 

The  nearest  railroad  station  is  Big  Indian,  on  the  Ulster  and  Dela- 
ware Railroad. 

The  top  of  the  mountain  is  timlxired.  Theo<lolite  set  under  center 
of  a  tower  25  feet  high  and  lines  of  sight  cut  toward  other  stations. 

Station  mark:  A  copi>er  bolt  stamped  **U.  S.  G.  S."  set  in  a  am- 
glomerati^  roek  a  little  above  surface  of  ground. 

Reference  marks:  Six-inch  spike  driven  in  a  balsam  tree  12  inches 
in  diamekM-,  2^  feet  above  ground;  azimuth  38°,  distance  27.07  feet. 
Arrow  cut  in  ledge  in  path  around  north  side  of  tower;  azimuth  244"", 
distance  32.05  feet.  Arrow  cut  in  ledge  of  rock,  east  outlook  from 
mountain;  azimuth  2811^,  distance  220.05  feet. 

[Latitude  41    59  57.11  .     Longitude  74   23'  10.87".] 


To  station- 


Azimuth. 


Back  asimntb.  ,  Ltog.  distance. 


Walnut 53  42  07.4 

Uraham 108  2:3  15.3 

Andes 130  32  52.6 

Utsayantha     ..'  159  19  04.0 

Saras  Point 356  09  27.3 

South  Hill 2i>  03  59.8 


233  26  44.2  , 
288  16  41.6  • 
310  18  47.4  I 
3;^  10  51.4 
176  10  36.6 
208  58  49.8 


Meters. 

4.58n647 

4.1539653 

4.5803074 

4.6765330 

4.5627499 

4.3421254 


BEARFORT,  PASSAIC   COUNTY,  X.  J.       , 

A  station  of  the  Vnite<l  States  Coast  and  (ie<Hletic  Survey  on  a  high 
sunnnit  of  IVarfort  Mountain,  about  2  miles  southwesterly  from  road 
leadinjx  over  mountain  from  (TreenwomI  Lake  to  Vernou. 

Station  mark:  A  (•o[)i)er  lM)lt.  thivt»- fourths  inch  in  diamet<ir  pro- 
jectinjr  about  three-fourths  inch  alxne  rock. 

(Latitude  41    OS  2t>.<m  .     Longitude  74   23  31.^5  ".J 


To  station 


liamlmrfi: 
High  Point 
Eve.   . 
Sterling; 
High  Tnnie 
Bald  Hill    . 


Aziiiiutli. 

1V4  1 1  30.  7 

131  ;U>  05.8 

17:^  54  5.5.4 

•?23  ><)  4:3.8 

266  19  23. 1 

:'».5<>  10  07.0 


Bac'k  azimuth.     Luns-  distance. 


274  06  02.8  j 
;U1  25  25.5 
3.53  54  01.4 
43  a5  48.2 
86  28  25.3 
170  11  44.9 


Mr  tern. 

4.06W.557 

4. 4802442 

4. 2549964 

4.2720153 

4.3845292 

4.3060559 


WIL0O9  BT  AU] 


NEW    YORK. 
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EVE,  ORANGE  COUNTY. 

On  the  western  end  of  a  partly  cleared  ridge  in  Warwick  Township, 
2^  miles  from  Hudson.  Station  on  the  Lehigh  and  Hudson  Railroad. 
Land  owned  by  James  Henry,  who  lives  400  yards  north  of  station  at 
foot  of  mountain. 

Station  mark:  A  copper  bolt  stamped  *'  U.  S.  G.  S."  set  in  solid  rock. 

Reference  marks:  Arrow  cut  in  ledge  on  top  of  ridge;  azimuth  30°, 
distance  24.25  feet.  Arrow  cut  in  ledge  on  top  of  ridge;  azimuth  194°, 
distance  39.55  feet.  Arrow  cut  in  flat  stone,  level  with  surface,  and 
70  feet  below  station;  azimuth  320°,  distance  81.68  feet. 

[Latitude  41**  18'  05.92".    Longitude  74   24  53.31."] 


To  station- 


Azimuth. 


High  Point 95  59  11.4 

Writer 139  13  21.5 

Vernon 160  21  29.5 

Houston 192  27  20.4 

Sterling |  286  15  41.1 

Bearfort...- .\  353  54  01.4 


BacJc  azimuth.     Log.  diHtance. 


275  49  24.2 
319  07  01.4 
340  17  30.6 
12  29  31.5 
106  22  40. 1 
173  54  55.4 


Afeters. 

4.3181160 

4.3105577 

4.3964954 

4.3289821 

4. 1875280 

4. 2549964 


HAYES,  FRANKLIN  COUNTY. 

A  secondary  station  located  by  *' three  point  method/'  about  1  mile 
northeast  of  Tupjjer  Lake  Village  in  an  open  field  on  a  laijro  bowlder 
12  by  8  by  8  feet  near  hay  bam  and  in  the  rear  of  a  small  log  build- 
ing.    Land  is  owned  by  D.  J.  Hayes,  liveryman,  of  Tupper  Lake. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock, 
marked  "U.  S.  Geological  Survey,  New  York." 

[Latitude  41"  18'  35.99".    Longitnde  74"  26'  34.80  .] 


To  station- 


St.  Regis . . . . 
Ampersand 
Morris 


Azimath. 

Back  azimuth. 

Log.  dlBtiince. 

V, 

Meters. 

203  57  51.0 

24  02  35.0 

4. 34522 

267  16  25.0 

87  26  27. 5 

4. 28293 

19  21  29. 5 

199  20  08.0 

3. 89649 

MORRIS,  FRANKLIN   COUNTY. 

A  high  bald  mountain  in  south  end  of  Waverly  Township,  4  miles 
east  of  Big  Tupper  Lake  and  6  miles  south  of  Tupper  Lake  Village. 
Beet  reached  by  driving  from  Tupper  Lake  Village  to  Waukesha 

BuU.  181—01 3 
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Hotel,  thence  by  logging  road  and  obscure  trail  to  summit  of  moun- 
tain. 

Station  mark:  Aluminum  bolt  of  New  York  State  land  survey  set 
in  solid  rock,  also  copper  bolt  1  inch  in  diameter  set  in  solid  rock  and 
stamped  "U.  S.  G.  S."  N.  Y.  497",  9J  inches  distant  from  St^te  laud 
survey  bolt.     Position  computed  is  that  of  State  land  survey  bolt. 

[Latitude  44^^  09'  86.18".     Longitnde  74**  28'  82.87".] 


To  Btation— 


West 

Moody 

Azure 

Rice 

Hayes 

St.  Regis 

Moose  Peak 

Ampersand 

Seward 

Vanderwhacker 

Blue    ... 

Kempshall 


Azimuth. 

Back  azimuth. 

Lotir.  di-ttauce. 

0                1               II 

o           /           // 

MtiCTS, 

29  10  08.7 

209  00  30.7 

4.5811562 

160  28  14.0 

340  27  37.0 

3. 5479300 

177  15  07.4 

357  14  03.2 

4.6276584 

194  25  56.0 

14  31  17.0 

4.6070600 

199  20  08.0 

19  21  30.0 

3.8964900 

202  44  15. 1 

22  50  21.0 

4.4771358 

240  24  56.6 

60  44  41.0 

4.6357242 

249  00  18.0 

69  11  42.0 

4.3677100 

269  53  53.6 

90  05  24.8 

4.8483268 

813  34  05.6 

133  49  54.6 

4.6238473 

349  24  34.2 

169  27  89.9 

4.5114880 

322  10  24.0 

142  16  28.2 

4.2789159 

MOODY,  FRANKLIN  COUNTY. 

(Not  occupied.) 

A  low  bare  point  on  the  east  side  of  Big  Tupper  Lake  in  the  south- 
west corner  of  Franklin  County. 
Station  niaik :  A  bolt  of  the  New  York  State  Land  Survey. 

[Latitude  44^  11'  23.01  .     Longitude  74^  29'  25.52' .] 


To  station - 


St.  Regis 
Morris. . 


Azimuth. 

207  41  01 
340  27  37 


Back  azimath. 

27  47  44 
160  28  14 


Log.  distance. 

Metert. 
4.43917 
3.54793 


AZURE,  FRANKLIN  COUNTY. 

On  a  cleared  mountain  locally  known  as  Blue  Mountain,  alx)ut  4 
miles  southwest  from  Spring  Cove  Station  on  the  New  York  and 
Ottawa  Railway.  A  good  trail  from  the  Blue  Mountain  House  to  the 
summit. 

Station  mark:  A  bronze  tablet  cemented  in  solid  rock  marked 
**U.  S,  Geological  Survey,  New  York." 


wiusos  ET  AL.]  NEW    YORK. 

[Latitude  44°  32'  28.19".    Longitude  74"  30'  04.51".] 
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T6  station— 


Dnane  M.  E.  Cbnrch 

Debar 

Rice 

St.  Regis 

Morris 


Azimuth. 


235  06  10.5 
252  30  30.5 
284  44  03.0 
317  10  02.2 
357  14  03.2 


Back  azimuth. 


55  16  13.0 

72  48  18.5 

104  50  29.0 

137  17  13.9 

177  15  07. 4 


Isog.  distance. 


Meters. 

4.3625900 

4.3676167 

4.0980000 

4.3022069 

4.6276584 


SOUTH   HILL,  ULSTER  COUNTY. 

(Not  occupied.) 

Ill  Wftrwasing  Township,  on  a  sharp,  round,  partially  cleared  hill, 
2  miles  north  of  Ulster  Heights  post-office,  on  land  owned  by  Grant 
Sheely,  who  lives  500  yards  south  of  station. 

Station  mark:  The  rock  oak  signal  tree. 

Reference  marks:  Arrow  cut  in  l>owlder  0  by  5  by  3  feet;  aziniutn 
9**,  distance  45  feet.  Arrow  cut  in  bowlder  4  by  3  by  2  feet;  azimuth 
201"*,  distance  60  feet.  An-ow  cut  in  bowlder  G  by  2  by  1  feet;  azi- 
muth 245°,  distance  70  feet. 

[Latitude  41*'  49'  34.00' .    Longitude  74^  30'  58.68 '.] 


To  Htatiou— 

Azimuth.        j 

Walnut ... 

78  42  43.0 

Denman 

166  10  19.4 

Slide.. 

Sams  Point 

208  58  49.8  1 
322  37  17.4  \ 

Back  azimuth. 

Log.  distance. 

o 

Meters. 

258  32  31.2 

4.3346119 

346  09  17.6 

3. 9500518 

29  03  59.8 

4.3421254 

142  43  ;^6. 1 

4.33.58465 

VERNON,  SULLIVAN  COUNTY. 

On  a  timbered  ridge  in  Manakating  Township,  2  miles  west  of  New 
Vernon  post-office. 

ThecKlolit45  elevated  16  feet  on  stump  of  pine  tree. 

Station  mark:  Stump  of  pine  tree. 

Reference  marks:  Arrow  cut  in  bowlder  3  by  3  by  'i  feet;  azimuth 
247*',  dist.ance  55.95  feet.  Signal  tree;  azimuth  152'',  distan<'e  17.88 
feet.  Cross  (  +  )  cut  on  east  face  of  bowlder  on  edg(»  0  by  4  feet  and 
2  feet  above  ground;  azimuth  144°,  distance  41.18  f(»ot.  Arrow  cut  in 
south  end  of  bowlder  4  by  5  by  3  feet;  azimuth  122°,  distance  54,30 
feet 
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[Latitude  4V  30'  46.44 '.    Longitude  74°  30'  54.49".! 


To  station- 

Azimuth. 

Back  aziiiintli. 

Log.  distance. 

High  Point  -                 

29  58  07.8 
31  51  46.7 
105  42  44.9 
148  21  23.3 
216  51  5 J.  9 
281  25  54.3 
340  17  30.6 

O               1                II 

209  52  18.3 
211  49  25.0 
285  38  24.0 
328  18  37.4 
36  58  17.9 
101  32  05.0 
160  21  29.5 

Meten. 
4.3909515 

Writer. 

Roads 

3.9735791 
3.9765996 

Wolf 

4.0430398 

Sams  Point... 

Houston 

Eve 

4.3415805 
4. 1219453 
4.3964954 

HAMBURG,  SUSSEX  COUNTY,  N.  J. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey,  situated 
on  the  Hamburg  Mountains  in  the  town  of  Hardiston,  about  3  miles  S. 
76°  E.  from  the  village  of  Hamburg,  on  the  New  York,  Susquehanna 
and  Western  Railway,  about  one-half  mile  S.  38°  W.  from  dam  at 
outlet  of  Sand  Pond.     On  land  owned  by  the  Franklin  Iron  Company. 

Station  mark :  A  copper  bolt  three-fourths  inch  in  diameter  and  4 
inchas  long,  set  in  solid  rock  with  one-half  inch  projecting;  letters 
"G.  S.  of  N.  .J."  cut  in  rock  on  southwest  side  of  bolt. 

[Latitude  41    08  53.40  .    Longitude  74"  31'  49.75 ".] 


To  station— 


High  Point 
Bearfort . . . 
Bald  Hill  .. 


Azimuth . 

150  10  25.4 
274  06  02.8 
323  57  21.7 


Back  asimuth. 

330  05  13.6 

94  11  30.7 

144  04  26. 1 

Log.  distance. 

Meten. 
4.3448511 
4.0664557 
4.4095860 


DENMAN,  SULLIVAN  COUNTY. 

(Not  occupied.) 

In  Neversink  Township,  on  a  high  timbered  ridge  known  as  Denman 
Mountain,  H  miles  east  of  Clarj^sville  post-office,  on  land  owned  by 
Leonard  Moore,  who  lives  one-half  mile  west  of  station. 

Station  mark:  A  copper  bolt  set  in  bowlder  10  by  10  by  8  feet  on 
highest  point  of  mountain,  heing  the  only  bowlder  on  top. 

Reference  mark:  Birch  signal  tree  N.  08  E.  20.8  feet  distant. 


wiLsoir  wp  Aul  NEW   YORK. 

[Latitude  4r  54'  14.58 ".    Longitnde  74  B2  3A.14  '.] 
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TosUticm— 

Azimuth. 

Back  azimuth. 

Log.  dintauue. 

Walnnt..   . 

55  55  20.6 

235  46  10. 1 

Meters. 
4.3618317 

Graham 

4. 1781101 

Sams  Point 
SoQth  HiU 



829  24  86.5 
346  09  17.6 

149  31  57. 0 
166  10  19.4 

4.4778895 
3.9500513 

GRAHAM,  ULSTER  COUNTY. 

On  Graham  Mountain,  Harclenburg*  Township,  3  miles  south  of 
Seager  post-office,  and  best  I'eached  from  Arkville  station,  on  the 
Ulster  and  Delaware  Railroad.  The  highest  point  is  very  sharp  and 
covered  with  low  brush,  most  of  which  was  cut  down  in  1900.  Land 
owned  by  George  J.  Gould,  of  New  York  City. 

Station  mark:  A  copper  bolt  in  flat  bowlder. 

[Latitude  42"  02'  22.44".     Longitnde  74°  32  58.99  .] 


To  Btation- 


Walnut  .   . 

Deyoe 

Andes  ... 
Utsayantha 

Slide 

Sams  Point 


Azimuth. 


i)ack  azimuth.     Lof<.  distance. 


I 


33  12  47.2 
90  19  47.4 
142  39  02.8 
175  14  48.4 
288  16  41.6 
338  84  47.4 


313  03  57.9  I 
270  09  54. 3  I 
322  31  31.2 
355  13  10.9  I 
108  23  15.3  ! 
158  42  30.5  I 


Me  tern. 

4. 5237748 
4.3090488 
4.4051606 
4.6026806 
4.1539652 
4.6430438 


WRITER,  ORANCJE   (M^UNTV. 

On  a  brushy  ridge  in  Mount  Hope  Township,  3  miles  southwest  of 
Otisville  station,  on  the  Erie  Railway,  on  land  owned  by  Mr.  Writer, 
proprietor  of  the  Writer  House,  Otisville.  Tenant  lives  MX)  yaitls 
east  of  station.  The  ridge  is  cleared  on  eivstern  side,  giving  a  good 
view  in  all  directions. 

Station  mark:  A  copper  lx)lt  1  inch  in  diameter,  stamped  ''U.8.G.S.," 
set  in  solid  rock. 

Reference  marks:  Inch  hole  drilled  1  inch  deep  in  ledge;  azimuth, 
148**;  distance,  29.90  feet.  Inch  hole  drilled  1  inch  deep  in  ledge; 
azimuth,  16°;  distance,  30.31  feet.  Inch  hole  drilled  1  inch  deep  in 
ledge,  south  end;  azimuth,  230°;  distance,  44.80  feet. 
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[Latitude  4V  26'  27.34".    Longitude  74**  34'  28.46 ".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

High  Point 

o           t          n 

28  45  25. 1 
158  28  59.5 
177  14  34.5 
211  49  25.0 

o             /             // 

208  41  57.3 

888  27  00.6 

357  14  10.5 

31  51  46.7 

Meters. 
4. 1818277 

Roads 

4.0548316 

Wolf    

Vernon 

4.2408390 
3.9735791 

Houston 

Eve... 

253  18  36.1  1      73  27  08.3 
319  07  01.4       139  18  21.5 

4.2725795 
4. 3105577 

WOLF,   SULLIVAN   COUNTY. 

In  Thompson  Township,  on  a  timbered  ridge  1  mile  northwest  of 
Wolf  Pond,  on  land  owned  by  the  Sullivan  County  Club.  A  good 
view  can  be  had  in  all  directions. 

Theodolite  elevated  18^  feet  on  stump  of  tree. 

Station  mark:  A  pine  tree  12  inches  in  diameter  3  feet  above 
ground,  having  a  pile  of  stone  6  feet  in  diameter  and  3  feet  high  piled 
about  it. 

Reference  marks:  Arrow  cut  in  ledge,  3  by  2  feet,  a  very  little 
above  surface;  azimuth,  235^;  distance,  43.82  feet.  Arrow  cut  in 
bowlder  4  by  3  by  2  feet;  azimuth,  341°;  distance,  13.75  feet. 

[Latitude  41    35'  51.07  .     Longitude  74"^  35  04.62  ".] 


To  station- 


High  Point 

Roads 

Monticello  . 
Walnut... 
Sams  Point 

Vernon 

Writer 


1       Azimuth. 

11 

58  48. 5 

25 

55  18.2 

129 

54  19.4 

143  56  28.8 

246  39  29.6 

328 

18  37.4 

357 

14  10.5 

Back  azimuth.      Log.  distance. 


191  50  44.3 
205  53*43.1 
309  50  25.2 
323  49  05.3 
66  48  34.2 
148  21  23.3 
177  14  34.5 


Meters. 

4.4968098 
3.8809053 
4.0268466 
4.4175630 
4.3149145 
4.0430398 
4.2408390 


UTSAYANTHA,    DELAWARE   COUNTY. 

A  station  of  tlie  New  York  State  survey  1  mile  (air  line)  southeast 
of  Stamford. 

TheodoliU^  elevated  GO  feet  in  an  observatory  49.3  feet  distant  from 
station.     True  as^iniuth  from  station,  197°  25'. 

Station  mark:  A  copper  bolt  set  in  solid  rock  18  inches  below  sur- 
face of  ground,  above  which  is  a  granite  ]>ost  18  by  G  by  G  inches 
marked  '^N.  V.  S.  S.  27." 


WILSON  «T  AL.]  NEW     YORK. 

[Latitude  42''  23'  56.31".    Longitude  74'  35'  24.12".] 
To  station— 
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Andes  .. 
Bramley 
Meredith 
Hooker  . 
Otsego . . 

Slide 

Graham 
Telford . . 


HIGH   POINT,  SUSSEX  COUNTY,  N.  J. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey,  in 
Montague  Township,  4  miles  south  of  Port  Jervis,  on  the  highest 
land  in  the  State. 

Station  mark:  A  copper  bolt  set  in  solid  rock. 

[Latitude  41^  19'  15.29".     Longitude  74^  39  42.86".] 


Azimuth. 

Back  azimuth. 

Log.  distance. 

o          .           .. 

O                '                 // 

MtUrs. 

31  31  09.9 

311  25  15.0 

4.8641901 

59  06  48.4 

238  57  34.9 

4.8410478 

91  17  51.2 

271  05  06.7 

4.4188899 

134  05  00.6 

318  53  52.2 

4.49693C8 

167  37  46.6 

347  33  08.8 

4.6390267 

339  10  51.4 

159  19  04.0 

4.6765330 

355  13  10.9 

175  14  48.4 

4.6026806 

127  39  12.0 

307  16  39.4 

4.7595348 

To  station- 

Azimuth. 

Baclc  azimuth. 

Log.  distance. 

Walnut 

O                 *                 It 

170  11  05.9 
187  27  33.4 
191  50  44.3 

208  41  57.3 

209  52  18.3 
213  07  28.5 
233  25  04.0 
275  49  24. 2 
280  11  32.0 
311  25  25^5 
330  05  13.6 

350  06  48.2 

7  29  02. 6 

^1  53  48.5 

28  45  25. 1 

29  58  07.8 
33  IC  35.9 
53  37  03. 5 
95  59  11.4 

100  28  18. 1 
131  36  05.8 
150  10  25.4 

Meters. 
4.T211823 

Roads 

4. 3817799 

Wolf     

4. 4968100 

Writer 

4. 1818277 

Vernon 

4. 3909515 

Bamn  point 

4. 6672128 

Houston  - 

Eye 

Sterling 

4. 4973076 
4.3181160 
4. 5570329 

Bearfort . 

4. 4802442 

Hamburg .   . 

4.3448511 

MONTICELLO,    SULLIVAN   COUNTY. 

(Not  occupied.) 
Station  mark:  Standpipe  at  Monticello. 

[Latitude  \V  39'  32.12 ".     Longitude  74°  40'  57.31 ".] 


To  station— 


Sams  Point 
Wolf 


Azimuth. 


267  04  09.7 
309  50  25.2 


Back  azimuth. 


Log.  distance. 


87  17  09.0 
129  54  19.4 


Meters. 

4.4338327 
4.02«&4fife 
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OTSEGO,  OTSEGO  COUNTY. 

A  station  of  the  United  States  Coast  and  Greodetic  Survey  and  of 
the  New  York  State  survey,  in  Cherry  Valley  Township,  on  a  high 
ridge  3  miles  east  from  the  village. 

Station  mark:  A  granite  post,  48  by  6  by  6  inches,  set  42  inches  in 
the  ground,  marked  "N.Y.S.S.  26." 

[Latitude,  42**  46'  54.73".    Longitude,  74"  42  14.60 ".] 


station- 

1 
Ajdmath. 

Wart                   

o                 /                 // 

72  05  40.2 

78  19  18.7 

109  41  58.7 

347  33  08.8 

Telford    

TaaselHill                   

Uteftyant^fl. 

Back  ftdmoth. 


251  52  66.0 
258  01  19.8 
289  16  58.2 
167  37  46.6 


Lios.  distance. 


Meten. 

4.4302101 

4.5674238 

4.7252076 

4.6390267 


WEST  MOUNTAIN,   HAMILTON   COUNTY. 

A  dome-topped  mountain  in  the  town  of  Long  Lake,  on  the  west  side 
of  Raquette  Lake.  Summit  entirely  cleared.  Ls  best  reached  from 
Antlers  Hotel,  Raquette  Lake,  by  small  boat  to  trail  near  house  of 
Mr.  Blaiichard  on  north  side  of  Sucker-brook  Bay,  thence  4  miles  to 
summit  of  mountain.     Water  within  one-half  mile  of  top. 

Station  mark:  A  copper  lx>lt  cemented  in  rock  on  highest  x>oint. 
Station  number,  494. 


[Latitude  43°  51'  35.87' . 

Longitude  74"  42  24.31".] 

To  station- 

Azlmatb. 

Back  azimath. 

Log.  distance. 

Stillwater   . 
Webb   

90  33  18. 8 
133  .53  48. 4 
209  (X)  30. 7 
238  41  35. 4 
266  38  52.0 

270  19  42.3 

313  45  37.6 

29  10  08.7 

58  57  16.0 

86  51  33.8 

Meten, 

4.4201784 

4.3400136 

MorriR 

4.5811562 

Kempehall  . 
Blue 

4.5481265 

4.3906718 

ANDES,  DELAWARE   COUNTY. 

On  a  prominent  timbered  mountain  locally  called  Mount  Pisgah,  in 
town  of  Andes,  and  owned  by  Elliott  Graham.  Most  of  the  timber 
was  cut  down  in  1900,  one  birch  tree  being  left  for  a  signal. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  large 
flat  bowlder  on  highest  point  of  mountain. 

Reference  mark:  The  birch  signal  ti'ee;  true  azimuth,  mark  to  tree, 
110°  04'  distance  57  feet. 


wnMHKTAU]  NEW   YORK. 

[Latitude  42"  13'  16.81 ".    Longitude  74^  44'  11.38  ".] 
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TostatioD— 


Deyoe 

Butternut . . 
Bramley  .  . 
Meredith  .. 
Utsayantha 

Slide 

Graham  .  . 
Willis 


Azimuth. 


13  43  09.3 
128  27  10.9 
141  24  30.8 
145  37  50.7 
211  25  15.0 
310  18  47.4 
322  81  31.2 

87  13  22.4 


Back  azimuth.     Log.  distance. 


193  40  46.2 
303  06  51.2 
321  21  12.8 
325  31  02.4 
31  81  09.9 
130  82  52.6 
142  39  02.3 
266  48  12.8 


Meiers. 

4.3157762 

4.6953369 

4.0337993 

4.3904270 

4.3641901 

4.5803074 

4.4051606 

4.7127779 


WALNUT,  SULLIVAN  COUNTY. 

On  the  highest  point  of  Walnut  Mountain,  in  Liberty  Township, 
li  miles  southwest  of  Liberty  and  5()0  feet  north  of  the  Walnut  Moun- 
tain House.     A  good  view  can  be  had  in  all  directions. 

Theodolite  elevated  36  feet. 

Station  mark:  A  bronze  triangulation  tablet  cement-ed  in  solid  rock 
level  with  surface. 

Reference  marks:  Arrow  cut  in  ledge  east  edge  of  ridge;  azimuth 
326°,  distance  130.05  feet.  Arrow  cut  in  ledge  west  edge  of  ridge; 
azimuth  74°,  distance  71.42  feet. 

[Latitude  41**  47'  15.90 ".    Longitnde  74°  46  11.34  '.] 


To  station- 

Azimath. 

Back  azimath. 

Log.  distance. 

White  Lake 

Knack     

O             /                 II 

23  31  16.3 
92  17  00.9 
125  49  19.9 
175  37  19.6 
213  03  57.9 
233  26  44.2 
235  46  10. 1 
258  32  31.2 
290  32  56.2 
323  49  05.3 
350  06  48.2 

203  28  34.7 

272  08  34. 4 

305  41  53. 5 

355  30  17.2 

33  12  47.2 

53  42  07.4 

55  55  20.6 

78  42  43.0 

110  49  25.5 

143  56  28.8 

170  11  05.9 

Mfters. 
4. 1481635 
4.2445692 

Ml^nlilc 

4.2803796 

Dey  oe                

4. 4493156 

Graham 

Slide     

4.5237748 
4.5971647 

Denxnaii 

4.3618317 

SouthHill     

4.3346119 

Rflftfii  Point 

4. 5648950 

Wolf 

4.4175630 

High  Point 

4.7211823 

DBTOB,  DELAWARE  COUNTY. 

On  a  heavily  timbered  ridge,  property  of  New  York  State,  2  miles 
northwest  of  Lewbeach  post-office. 
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Best  i-eached  from  Rockland,  a  station  on  the  New  York,  Ontario 
and  Western  Railway.     K.  D.  Deyoe  lives  1  mile  south  of  station. 

Theodolite  elevated  25  feet  on  stump  of  tree. 

Station  mark:  Stump  of  maple  tree,  18  inches  in  diameter,  25  feet 
high.     Six  lines  were  cut  through  timber  to  ^s  many  different  stations. 


[Latitude  42*^  02'  25.2 


Longitude  74^*  47'  44.73".] 


To  station— 

Azimuth. 

Back  azimuth. 

Lo^.  distaiice. 

Maulik              

o          /           n 

38  13  30.4 
114  46  08.0 
176  16  54.6 
193  40  46.2 
270  09  54.3 
355  36  17.2 

218  07  04.3 
294  35  52. 3 
356  16  00.  3 
13  43  09.3 
90  19  47.4 
175  37  19.6 

Meter*. 
4.8326800 

starkweather 

4. 3661821 

R^amley                    

4.4564693 

Andes 

Graham 

Walnut 

4.3157762 
4.3090438 
4. 4493156 

BRAMLEY,  DELAWARE   COUNTY. 

On  a  high  bare  ridge  in  Delhi  Township,  2^  miles  south  of  Bloom- 
ville,  on  land  owned  by  S.  G.  Bramley. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  solid  rock, 
6  inches  below  surface  of  ground. 

[Latitude  42^  17'  50.5:^'.     Longitude  74"  49'  05.72".] 


To  station- 

Azimuth. 

B&ck  azimuth. 

Log^.  distance. 

o 

0 

Meters. 

Starkweather    

45  38  13. 7 

225  28  50.9 

4.4299297 

Loomis      -   

76  02  60. 0 

255  47  35. 1 

4.5118611 

Meredith . .  _ 

148  52  42.2 

328  49  11.8 

4. 1403248 

Utsayantha 

238  57  34. 9 

59  06  48. 4 

4.3410478 

Andes 

321  21   12.8 

141  24  30.8 

4.0337993 

Deyoe     

356  16  00. 3 

176  16  54. 6 

4.4564698 

Persons 

113  30  42.9 

293  21  14.0 

4.3237562 

WHITE    LAKE,  SULLIVAN    COUNTY. 

(Not  occupied.) 

In  Bethel  Township,  on  a  timbered  ridge  at  south  end  of  White 
Lake,  on  laiul  owned  by  N.  Goldsinitli,  who  lives  300  yaixls  southeast 
of  station.  A  wooden  tower  in  field  about  300  yards  west  of  station 
gives  a  good  view  from  N.  20^  K.  around  by  west  to  south. 

Station  mark:  Center  of  hemlock  tree  14  inches  in  diameter  3  feet 
above  ground,  having  a  niouiid  of  stones  5  feet  in  diameter  and  3  feet 
Iiigh  ])il(Ml  about  it. 
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Reference  marks:  Ari-owciitin  north  end  of  the  only  large  bowlder 
on  hill;  azimuth  23°,  distance  279.60  feet.  Arrow  cut  in  bowlder  10 
by  :J  by  2  feet;  azimuth  157*",  distance  82.75  feet. 

[Latitude  4V  40'  17.80".    Longitude  74°  50'  14.00".] 


To  station- 

Azimuth. 

Back  azimatb. 

Lofi 

Knack 

Maulik 

Walnut 

o         /           // 

138  40  50.0 
157  41  23.4 
203  28  34.7 

O                /              /' 

318  35  05.6 

337  36  38.2 

23  31  16.3 

Lo9<  distance. 


Meters. 
4.2574751 
4.4149285 
4.1481635 


HOOKER,  OTSEGO   COUNTY. 

On  a  high,  bare  knob  in  Maryland  Township,  3^  miles  west  of 
Schenevus,  on  land  owned  by  E.  D.  Hooker  (post-office,  Westville). 

Station  mark:  A  granite  post  48  by  G  by  6  inches,  set  42  inches  in 
the  ground,  marked  "N.  Y.  S.  S.     409." 

[Latitude  43°  85'  43.00".     Longitude  74°  51'  53.44 '.] 


To  station- 


Meredith  .. 
Telford  .... 

Wart 

Utsayantha 


Azimuth 


8  49  50.2 
119  50  46.5 
134  64  35.7 
313  53  52.4 


Baclc  azimuth. 


188  48  12.6 

299  39  21.7 

314  48  24.9 

134  05  00.6 


Log.  distance. 


Meters. 
4.3329191 
4.4234765 
4.2450464 
4.4969308 


WEBB,  HERKIMER   COUNTY. 

On  high,  timbered  mountain,  3  miles  southwest  of  Gull  Lake  and  1 
mile  east  of  Long  Lake,  on  land  owned  by  H.  Seward  Webb. 

Can  \ye  reached  by  going  to  Bartlow  Junction,  on  Mohawk  and 
Malone  Railroad,  thence  by  private  railroad  to  Waterkirks  mill, 
thence  by  trail  to  Gull  Lake,  thence  by  Gull  Lake  and  Long  Pond 
trail  to  west  boundary  of  Webb's  reserve,  thence  south  along  line  to 
summit  of  ridge  (one-half  mile),  thence  east  about  700  feet  t^  signal. 

Theodolite  elevated  30  feet. 

Station  mark:  High  stump  of  tree,  which  was  used  as  support  for 
theodolite. 

[Latitude  43°  59'  46.77'.     Longitude  74^  54'  11.84 '.] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Morris 

Weat 

O                «                      II 

241  55  11.4 
313  45  37.6 

O                *                      II 

62  13  02.3 
133  53  48.4 

Meters. 
4. 5885043 
4.3400136 
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MEREDITH,  DELAWARE   COUNTY. 

On  H  liigli,  bare  knob  about  2  miles  southwest  of  East  Meredith,  in 
Meredith  Township,  on  land  belonging  to  Finley  Gilchrist. 

Station  mark:  A  marble  post,  28  by  6  by  6  inches,  set  24  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet. 

[Latitude  42"  24'  1.H.69'.     Longitude  74'  54'  17.08'.] 


To  station- 


Willis.. 

Starkweather 

Looinis 

Butternut 


Azimuth. 


58  43  52.5 
21  29  20.3 
!  51  04  52.6 
!     104  16  10. 6 


Telford 150  13  42.7 

Hooker.     !  188  48  12.6 

Utsayantha 271  05  06.7 

Andes j  326  3102.4 

Bramlev i  328  49  11.8 


Back  azimoth. 


238  25  28.4 
201  28  26.9 
230  52  57.0 
284  02  38.0 
330  03  56.9 
8  49  50.2 
91  17  51.2 
145  37  50.7 
148  52  42.2 


Log.  distance. 


Metert. 

4.6487972 

4.5177814 

4.4960309 

4.4531355 

4.5987214 

4.3339191 

4.4138899 

4.3904270 

4.1403248 


MAULIK,  SULLIVAN   COUNTY. 

On  a  partially  cleared  ridge  in  P>oeniont  Township,  3  miles  south- 
west of  Rockland  Village,  on  the  New  York,  Ontario  and  AVestem 
Railway,  on  land  owned  by  John  Maulik,  who  lives  one-fourth  mile 
southwest  of  station. 

Station  mark:  Center  of  maple  tree,  2  feet  in  diameter,  cut  off  for 
instrument  support  28  feet  above  <j:round. 

Reference  marks:  Arrow  cut  in  lar^e  bowlder;  azimuth  322°,  dis- 
tance 7. 80  feet.  Arrow  cut  in  ledge,  south  side  of  ridge;  azimuth  Sl°, 
distance  75.77  feet.  Arrow  cut  in  flat  bowlder;  azimuth  1(50^,  distance 
40.87  f<H>t. 

[Latitude  41    58  17.14'.     Longitude  74^  57'  32.07%] 


To  station- 


Azimuth. 


Back  azimuth. 


Knack 

Deyoe    ... 

Walnut 

White  Lake 


11  08  31.8  I     191  07  32.3 


218  07  04.3 
305  41  52.5 
337  36  38.2 


38  13  30.4 
125  49  19.9 
157  41  28.4 


I-iOg.  distance. 


Meters. 

4.0280701 

4.3326800 

4.2808796 

4.4149285 
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KNACK,  SULLIVAN   COUNTY. 

In  Delaware  Township,  on  a  partially-cleared  ridge  2  miles  west  of 
the  village  of  Jeffersonville,  on  land  owned  by  Peter  Enaok,  who 
lives  200  yards  east  of  station. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock 
4  by  3  feet  by  1  foot. 

Reference  marks:  Arrow  cut  in  rock  10  by  15  by  2  feet;  azimuth 
105"^,  distance  33  feet.  Arrow  cut  in  rock  on  east  side  of  ridge;  azi- 
muth 47°,  distance  75  feet.  Arrow  cut  in  rock  very  little  al)ove 
surface;  azimuth  34°,  distance  70  feet. 

[Latitude  4V  47'  37.88'.     Longitude  74*^  58'  51.35'.] 


To  station— 


Maolik    ... 

Walnut 

White  Lake 


Azimuth. 

Back  azimath. 

L 

>g.  distamw. 

o           / 

A/e /»'!•«. 

191  07  32. 3 

11  08  31.8 

4.0280701 

272  08  34. 4 

92  17  00.9 

4. 2445692 

318  35  05. 6 

138  40  50.0 

4. 2574751 

WART,  OTSKUO    COUNTY. 

On  a  bai*e  knoll  of  cultivated  land  owned  by  T.  T.  Thompson,  5 
miles  west  of  Coopei'stown,  in  Otsego  Township.  The  st4itiou  is  in 
the  southeast  corner  of  field,  about  8  feet  from  the  fence. 

Station  mark:  A  stone  jwst  3G  by  6  by  0  inches  set  28  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation tablet. 

[Latitude  42   42'  24.89  .    Longitude  75   01  00.54  .] 


To  Htation— 

Azimuth. 

L<itf.  distance. 

Telford  ... 
Ots^o 

0            / 

94  08  39.9 
251  52  56.0 
314  48  24.9 

274  03  25.5 

72  05  40.2 

134  54  35. 7 

Meters. 
4.0242858 
4. 4302101 

Hoo'ier  ... 

4. 2450464 

STILLWATER,  HERKIMER   COUNTY. 

On  Stillwater  Mountain,  about  1 1  miles  west  of  Beaver  station,  on 
Mohawk  and  Malone  Railway,  and  2  miles  southwest  of  the  stillwater 
in  Beaver  River. 

Station  mark:  A  bronze  triangulation  tablet  cejuented  in  solid  rock. 
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[Latitude  48°  51'  42.44".    Longitude  75  02  02.20"0 


To  8t«tion— 

Asimuth. 

Back  asimntb. 

Log.  diatanoe. 

Schwartz  . . 

45  18  83.0 

56  42  88.8 

71  51  40.6 

121  24  06.2 

283  19  88.8 

270  19  42.3 

O                                 II 

225  08  29.5 
286  28  57.4 
169  87  16.7 
301  19  41.7 
58  42  55.4 
90  88  18.8 

Meien. 
4. 5182215 

Gum : 

4.6363842 

Rock 

4. 4461049 

Alder 

3.9989646 

Morris 

4. 7457777 

West 

4. 4201784 

STARKWEATHER,  DELAWARE   COUNTY. 

On  a  partially  cleared  ridge  in  Walton  Township,  6  miles  southeast 
of  Walton,  on  land  owned  by  J.  H.  Starkweather,  who  lives  oue-half 
mile  east  of  station. 

Station  mark:  A  bronze  t^ablet  cenienteil  in  Iwwider  4  by  3  by  2 
feet. 

Reference  marks:  Arrow  cut  in  ledge;  azimuth  50"^,  distance  113.10 
feet.  Arrow  cut  in  ledge;  azimuth  110°,  distance  75.17  feet.  Arrow 
cut  in  ledge;  azimuth  185°,  distance  31.15  feet. 

[Latitude  42 '  07  89.85".     Longitude  75"  03'  03.35".] 


To  station— 


I 


Azimuth. 


Rockrif  t 
Loomis  .. 
Meredith 
Bramley 
Deyoe  . . 


79  47  14.9 
131  36  04.7 
201  23  26.9 
225  28  50.9 
294  35  52.3 


Back  azimnth. 

Log.  distance. 

o 

Metert, 

259  40  09. 7 

4. 1704092 

311  30  0:j.7 

4.2172014 

21  29  20.3 

4. 5177814 

45  38  13.7 

4.4299297 

114  46  08.0 

4.3661821 

PERSONS,  DELAWARE    COUNTY. 

(Not  oceu])ie(l.) 

On  a  round,  bare  knoll  in  Franklin  Township,  on  land  owned  by 
A.  R.  Persons  (Treadwell  post-office). 

Station  mark :  A  bronze  tablet  comontiMl  in  solid  rock  15  inches  below 
surface  of  ground  and  covered  with  a  small  ])ile  of  flat  stones. 

[Latitude  42    22  '22.ir)  .     Longitude  T.'»    0:r  10.37' .] 


To  «t*itiou— 


Back  azimuth.      Loj^.  distance. 


Butternut 124  07  30.1 

Meredith .-J    254  10  13.3 

Bramley I    293  21  14.0 


304  00  03.0 

74  16  12.3 

113  30  42.9 


4. 2681221 
4.1022924 
4.8237562 
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A  low,  partially  cleared  hill,  6  miles  northeast  of  Forestport,  locally 
known  as  "Myere  Hill."  The  Herkimer-Oneida  county  line  passes 
over  the  hill  about  1,000  feet  east  of  station. 

Station  mark:  A  copper  bolt  marked  "U.  S.  G.  S.  N.  Y.  487"  set  in 
solid  rock. 

[Latitude  ia**  28'  39.83 ".    Longitude  75'  06'  01.72".] 


ToHtation— 


Schuyler . 

Peun  

Boonville 
Qnm . .  . 
Schwartz 


Azixnntb. 


2  07  08.5 

49  54  80.9 

90  50  27.0 

121  30  13.6 

137  06  45.4 


Back  azimath. 

Log.  diHtance 

O                 1                 II 

Meters. 

182  06  29. 1 

4.5450250 

229  47  55.8 

4.2281188 

270  41  16. 1 

4. 2559318 

301  14  26. I 

4.5579931 

316  57  29.4 

4. 4242541 

ALDER,   HERKIMER   COUNTY. 

On  Alder  Ci^eek  Mountain,  about  23  miles  east  of  Lowville  and  5 
miles  noilheast  of  Number  Four  post-office.  Can  be  reached  by  fol- 
lowing Alder  Creek  trail  northeast  from  Number  Four  post-office 
about  3  miles,  thence  east  2  miles  to  signal. 

Station  mark :  A  copper  bolt  cemented  in  solid  rock. 

[Latitude  43'  54'  30.68".     Longitude  75"  08  23.79".J 


To  station- 


Schwartz  . 

Gum 

Rock 

Elmer 

Stillwater 


Azimuth. 

Back  azimath. 

Log.  distanoe. 

O                 /                 /' 

o               '               »/ 

'Meter». 

27  39  52.0 

207  32  12.2 

4.5081884 

43  37  18.7 

223  23  05. 7 

4.6025889 

52  18  27.6 

232  09  09.7 

4.3572002 

77  08  05. 2 

256  49  08. 1 

4.5752192 

301  19  41.7 

121  24  06.2 

3.9989646 

TELFORD,  OTSEGO   COUNTY. 

On  a  knob,  cleared  on  south  end  but  heavily  timbered  on  north  end, 
in  Burlington  Township  G  miles  east  of  Edmeston  and  10  miles  west 
of  Cooperstown.     The  land  is  owne<l  by  S.  \V.  Telford. 

Station  mark:  A  copper  Ixilt  set  in  solid  rock  1  foot  b(^l<)w  surface 
of  ground,  above  which  is  a  red  sandstone  block  15  by  11  by  11  inches, 
in  center  of  top  of  which  is  cemented  a  bronze  triangulation  tablet. 
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[Latitude  42'  42'  49.40  .    Longitude  75**  08^  44.06".] 


To  station— 

Azimnth. 

B»ck  Mimotli. 

Txiir-  distuMse. 

Bnttemnt 

O          '                n 

15  42  04.0 
69  22  27.2 
258  01  19.8 
274  03  25.5 
299  39  21.7 
307  16  89.4 
380  08  56.9 

195  88  15.2 
249  10  52.8 
78  19  18.7 
94  08  39.9 
119  50  46.5 
127  39  12.0 
150  13  42.7 

MeUn. 
4.4555214 

Sherburne    

4.8969068 

Otsego 

4.5674388 

Wart - 

Hooker 

Utsayantha 

Meredith 

4.0242858 
4.4284765 
4.7595348 
4.5987214 

LITCHFIELD,  HBRKIMBR  COUNTY. 

Ill  Litchfield  Township,  one-half  mile  north  of  Jerusalem  Church, 
on  a  eultiv^ateil  bai-e  hill  owned  by  H.  Wheelock. 

Station  mark :  A  stone  post  30  by  8  by  6  inches,  set  28  inches  in  the 
i^round,  in  the  center  of  top  of  which  is  cemented  a  bronze  iriaugula- 
tion  tablet. 

[Latitude  42   59  05.65  .    Longitude  75'  08'  44.168".J 


To  Htatioii 


Plainfield 
Tassel. ... 
Schuyler 


Azimuth. 

Back  asimiitb. 

Loip.  distance. 

O           7                   // 

10  03  22.7 

70  59  03. 1 

186  52  09.4 

0           ,                 .. 

190  01  40.3 

250  52  08. 1 

6  53  21.2 

Meten, 
4.2918608 
4.1696687 
4.2975436 

PLAINFIELD,  OTSEGO   COUNTY. 

On  a  bald  ri<lge  owned  by  J.  J.  Roberts  in  town  of  Plainfield,  \\ 
miles  south  of  Plainfield  Center.  Some  timber  still  standing  on  weslr 
ern  end  of  rid^e. 

Station  mark:  A  blue  stone  post  M  by  0  by  G  inches,  set  22  inches  in 
the  ground  and  resting  on  solid  rock.  In  the  center  of  top  of  post  is 
cemented  a  bronze  triangulation  tablet. 

[Latitude  42   48  40.79'  .     Longitude  75"  11'  14.66".] 


To  station- 

Azimuth. 

Back  asimnth. 

Log.  distance. 

Tassel 

o              /              // 

143  51  27.3 
190  01  40.3 

o              /             // 

328  46  10.4 
10  03  22.7 

Meterg. 
4.2580080 

Litchfield            ..                         .         .. 

4  2918608 
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LOOMIS,  DELAWARE  COUNTY. 

On  H  partially  cleared  ridge  in  Walton  Township  aljoiit  5  miles 
northwest  of  Walton  and  three-fonrths  of  a  mile  north  of  Loomis 
post-office.     T^nd  owned  by  Mr.  Allen,  of  Walton. 

Station  mark:  A  copper  bolt  set  in  bowlder  level  with  surface  of 
l^round. 

Reference  marks:  Six-inch  spike  driven  in  center  of  blaze  on  lone 
wild  cherry  tree  in  field;  azimuth  194°,  distance  G64.30  feet.  Six-inch 
spike  driven  in  blaze  on  oak  tree  8  inches  in  diameter;  azimuth  346°, 
distance  123.35  feet. 


[Latitude  43"  18'  34.33  .     Longitude  Vi  12  01.02  '.] 


To  station— 


Azimath. 


~r 


Eockrift. ...  9  16  17.1 

Willis 76  20  58.7 

Meredith ;  230  52  57.0 

Bramley .  .  255  47  35.1 

Starkweather 31130  03.7 


Back  azimuth. 

Log.  distance. 

o 

Meters. 

189  15  12.3 

4. 1384968 

256  14  30. 8 

4. 1345778 

51  04  52.6 

4. 4960309 

76  02  60. 0 

4.5118611 

131  m  04. 7 

4. 2172014 

KOCKRIFT,  DELAWARE   COUNTY. 

(Not  occupied.) 

On  a  high  timliered  ridge  in  Walton  Townsliip. 

Station  mark:  Hemlock  signal  tree,  2  feet  in  diameter,  with  two 
noU'hes  cut  on  north  and  south  face,  and  a  mound  of  stone  0  feet  in 
diamet;er  and  3  feet  high  piled  around  it. 

Refeivnce  marks:  Six-inch  spike  driven  in  center  of  bhize  on  maple 
tree;  azimuth  35°,  distance  41.93  feet.  Six-incli  .si)ike  driven  in  cen- 
ter of  blaze  on  ]>eech  ti-ee  10  inches  diameter;  azimuth  J 17",  distance 
1*8.34  feet.  Six-inch  spike  driven  in  center  of  blaze  on  rock-oak  tree 
16  inches  diameter;  azimuth  lHX5°,  distance  4().23  feet. 

[Latitude  42"^  06  14.29  .     Longitude  75    13  37.48  ']. 


ToHtatiun—  Azimuth. 

Willis    ]  133  10  53.3 

Loomis I  189  15  12.3 

Starkweather 259  40  09.7 


Back  azimuth,   i  Loj?.  cliHtam^. 


313  05  30.6 

9  16  17.1 

79  47  14.9 


4. 1799136 
4. 13H4968 
4.1704092 


BulL  181—01- 
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BITTTERNUT,  OT8E(4()  COUNTY. 

On  a  cleared  knob  in  Butternut  Township,  on  land  owned  by  Wal- 
ter Wood  and  occupied  by  Mr.  Foote. 

Station  mark:  A  marble  post  36  by  6  by  6  inches,  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  *'New  York  517." 

[Latitude  42   27'  58.70  '.     Longitude  75"  14'  22.18  "]. 


To  sUtiou— 


I 


Asixnath.       :  Back  azimuth.      Lo^-  distaiK'e. 


Willis 

Bobell 

Whitcomb _ 

Sherburne 

Telford 

Meredith \    284  02  88.0 

Andes 303  06  51.2 


18  30  41.8 

59  42  52. 4 

81  29  42. 1 

140  as  35.8 

195  38  15.2 


198  25  48.0 
239  25  01.1 
261  18  39. 1 
319  55  51.7 
15  42  04,0 
104  16  10.6 
123  27  10.9 


Meters. 
4.4986447 
4,6251388 
4.3560978 
4.3866556 
4. 4555214 
4.  4531355 
4. 095.i:)69 


PENN,    ONEIDA   COUNTY. 

A  Unit;ed  States  Coast  and  (Teoiletic  Survey  station,  on  a  ban?  hill 
in  Steulnm  TownsJiip,  alK)ut  2  miles  west  of  Steuben  station. 

Station  mark:    A  granite  post  marked   -  ^,,  with  four  granite  wit- 
ness posts.  "" ' 

[Latitude  48    22  46.56  .     Longitude  75    15  36.36  .] 


To  stHtion- 


Azimuth. 


Back  azimuth,   i  Lo^.  diHtauoei 


Gum -.   -. .-    J  148  54  29.0 

Boonville I  15.-)  21  42.2 

Schwiirtz.   .. -- J  170  10  34.5 

Myers .  '  229  47  55.  H 

WestCauada .1  24^30  13.7 

FortNoble         ... J  264  17  01.0 

Hamilton ..    i  266  52  46.9 

West  Creek.    j  280  5()ll.u 

Schuyler 884  10  19.3 


328  45  18.0 

335  19  05.8 

350  13  54.7 

49  54  30. 11 

69  52  17.  i)  i 

84  34  59.0  I 

87  29  36.5 

101  13  37.0 

154  16  17.0 


Metrrs. 

4.5407033 
4. 08H5049 
4.4883160 
4.2281188 
4.6642805 
4.  5500200 
4. 8601480 
4.6719400 
4.4284693 


TASSKl.,    ONKIDA    COUNTV. 

A  station  (if  tlic  riiited   Stales  Coast  and  Geodetic  Survey  and  of 
the  New  York   State  survey,   in  Marshall  Township,  5  miles  east  of 
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Station  mark :  A  ^auite  post  48  by  6  by  6  inches,  set  44  inches  in 
the  ground,  and  marked  **N.  Y.  S.  S.  29.'' 

[Latitude  42*^  56'  29.18  .     Longitude  75    19  00.48  .] 
Azimuth. 


To  Btatiofn— 


Back  azimuth.  |  Log.  distance. 


Schuyler '     213  34  46.8 

Litthfield '    250  52  08.1 

Plainfield '    323  46  10.4 


33  42  59.6 
70  59  03. 1 

143  51  27.8 


Meters. 

4.4692854 
4. 1696687 
4.2530080 


BOONVILLE,  ONEIDA   COUNTY. 

A  high  cleared  hill  in  Boonville  Park. 
St*ation  mark:  Flagstaff  in  park. 

[Latitude  43^^  28'  47.61.     Longitude  75    19  23.79  .] 


To  station- 


Myers 
Penn 


Azimuth.  Back  azimuth.      Lotf.  distance. 


I 


270  41  15.1         90  50  27.0 
335  19  05.8       155  21  42.2 


Meters. 
4. 2559318 
4.0885049 


I 


SCHWARTZ,  LEWIS  COUNTY. 


On  high  ground  one-half  mile  east  of  Scliwartz  schoolhoiise  in  Greig 
Township. 

Theodolite  elevated  50  feet. 

Station  mark:  A  granit.e  post  in  top  of  which  is  cement-ed  a  copper 
bolt. 

[Latitude  43°  39'  09.68".     Longitude  75    19'  28.37  ".] 


To  station- 


I 


Azimuth. 


Back  azimuth.      Log.  diHtance. 


Gum   I  87  15  20.8 

Elmer '  132  ;J0  13.8 

Bock     ....^. 167  AS  45.0 

Alder J  207  32  12.2 

Stillwater [  225  06  29.5 

Myers |  316  57  29.4 

Penn      ..     '  350  13  54.7 


267  08  48. 6 
312  IS  58.8 
347  42  08.2 
27  39  52.0 
45  18  33.0 
137  06  45. 4 
170  16  34.5 


Meters. 

4. 1055027 
4.  4710(512 
4. 1709796 
4.r)061884 
4.5182215 
4. 4242541 
4. 4883160 


WILLIS,    DELHI  COUNTY. 

On  the  summit  of  a  bare  flat  ridge  in  the  town  of  Masonville,  3 
miles  south  of  the  villa^,  » 
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Station  mark:  A  marble  post,  16  by  7  by  7  inches,  set  24  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet. 

[Latitude  43^  11'  49.65',    Longitude 75**  21'  88.42".] 


To  station— 

Asimoth. 

1 

Bftck  asimath. 

Log.  diKtanoe. 

1 

O          /          n 

Meten, 

Bobell 

107  59  21.4 

287  46  26.2 

4.4438558 

Whitcomb . 

...   j     154  47  29.0 

884  41  21.8 

4.4669983 

Butternut 

'     198  25  48.0 

18  80  41.8 

4.4985447 

Meredith ... 

1    288  25  28.4 

58  48  52.5 

4.6187972 

Loomis 

256  14  80.8 

76  20  58.7 

4.1845778 

Andes 

I    266  48  12.8 

87  18  22.4 

4.7127779 

Rockrlft 

:    818  05  80.6 

188  10  58.8 

4. 1799186 

KOCK,    LEWIS   COUNTY. 

A  hi^h,  rocky  ix)int  in  Watson  Township,  8  iniU^  east  of  I^>wvil]e, 
on  land  owned  by  George  Venatti. 

Station  mark:  A  bronze  triangulation  t>ablet  cemented  in  solid  nxjk. 


[Latitude  4;J^  46  58.98".     Longitude  75   21  49.26".] 


To  Htation- 


Gum  

Elmer  ... 
Croghan  , 
Alder .... 
Stillwater 
Schwartz 


Azimuth. 

c        $      n 

82  28  08.  2 

106  24  11.0 
169  37  16.7 

282  09  09.7 

251  37  58.6 

347  42  08. 2 

Back  azimath. 


Iajs.  diKtaiice. 


o           '            '/ 

Meter*. 

212  18  07.9 

4.2524113 

286  14  82.9 

4. 3890136 

849  36  07.9 

4. 0906550 

52  18  27.6 

4.3572002 

71  51  40.6 

4.  4461049 

167  43  45.6 

4.1709796 

CROGHAN,    LEWIS   C'OUNTY. 


Catholic  eliurcli  in  the  village  of  C'roglian. 
Station  mark:  Stone  tower  on  ehiireh. 

[Latitude  43   5:3'  31.64  ".     Longitude  75    2:3'  28.71  ".) 


To  station— 

1        Azimuth. 

Back  azimuth. 

j  Lofjc.  iliHtanoe, 

Gum 

! 

0             •              #' 

„       .       .. 

Meter*. 

'        4. 4501663 

Elmer    .- 
Rock 

■       68  01  58.6 

349  36  07.9 

247  53  28.7 
169  37  16.7 

4.2486477 
4. 0906550 
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On  a  long  bare  hill  owned  by  Nicholas  Richards,  in  the  extreme 
southeastern  corner  of  the  town  of  Sherburne. 

Station  mark:  A  bowlder  24  by  10  by  10  inches  sunk  24  inches  in 
the  gnmnd. 

[Latitnde  42"  88  03.40' .     Longitude  75^  25  48.51".] 


To  station- 


Whit*;omb . 

Berry 

Smjnma 
Telford 
Battemnt . . 


Azimath. 

Back  aKiinatb. 

I^ojf.  (1iAtan(^(». 

e              r           n 

o               ,               ., 

Meter* 

17  08  87.4 

197  00  17.2 

4.8629884 

66  28  09.5 

246  12  35.3 

4.3680101 

109  43  51.8 

289  34  43. 9 

4.2907616 

249  10  52.8 

69  22  27.2 

4. 3979063 

819  55  51.7 

140  03  35.8 

4.3866556 

GUM,  LEWIS   (H)UNTY. 

On  a  high,  cleared  point  in  Turin  Township,  alx)Ut  4  miles  north- 
west of  Turin  Village,  on  land  owned  by  Thomas  Evans,  who  lives 
2,000  feet  east  of  station. 

Station  mark:  A  stone  post  48  by  8  by  8  inches,  set  flush  with  sur- 
fa<*e  of  ground;  in  the  center  of  trop  is  cemented  a  ])ronze  triangula- 
tion  tablet. 

[Latitude  43^  38'  49.46  .     Longitude  75"  28  56.60  .] 
To  Htation—  |       Azimuth.       '  Ba<'k  azimuth.     I^og.  distance. 

I        "        '        "              o  •        .-  Meters. 

Rock I  212  18  07.9         32  23  O;^.  2  4.2524113 

Alder 223  23  05.7         43  37  18.7  4.6025889 

Stillwater 236  23  57.4         56  42  3:^.8  4.6363342 

Schwartz '  267  08  48.6         87  15  20.8  4.  ia55027 

Myers \  30114  26.1  12130  13.6  4.5579931 

Penn ^  328  45  18.0  148  54  29.0  4.5407023 


WHITCOMB,  CHENANGO   COUNTY. 


west 


On  the  south  end  of  a  hill  in  the  town  of  Guilford  and  on  the 
side  of  north  pond. 

Station  mark:  A  cut  bluestone  post  4H  by  (>  by  (>  inches,  set  30 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  triangulation  tablet,  marked  "New  Yoik  5 IS." 
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[Latitude  4r  26  08.T T  .     Longritade  75   80'  44.65".] 


To  station— 


I 


Bobell.     . 

Berry 

Sherbame 
Butternut 
Willis  .   .. 


B*nkasfaiiath. 

Log.  distance. 

// 

.    ,    ., 

Meters. 

37  45  58. 1 

217  89  09.0 

4. 3564016 

laO  56  19.9 

310  49  06.8 

4.2869704 

197  00  17.3 

17  08  37.4 

4.3629384 

261  18  39. 1 

81  29  42. 1 

4.:V)60978 

334  41  21.3 

154  47  29.0 

4.4669983 

ELMER,    LEWIS  COUNTY. 

Seven  miles  iioi'thwest  of  Lowville,  in  town  of  Harrisburg,  1  mile 
south  of  Harrisburg  post-office,  on  land  owned  by  E.  P.  Elmer. 

Station  mark :  A  marble  post  48  by  8  by  8  inches,  set  flush  with  sur- 
face of  ground,  in  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet. 

[Latitude  4:r  49'  56. 12 '.     Longitude  75"  35'  44.54".] 


To  8tation— 


I 


Azimuth. 


Back  asimuth. 


Croghan    247  53  28.7  1      68  0158.6 


Loflr- distance. 


Alder ,    256  49  08. 1  | 


Rock 

Schwartz 


286  14  32. 9 

312  18  58.8 


77  08  05.2 
10 ;  J4  II. 0 
VV2  30  13.8 


MeUr$. 

4.2486477 
4. 5752193 
4.  2890136 
4.4710612 


SMYRNA,    CHENANGO   COUNTY. 

On  the  liighost  point  of  a  bare  liill  in  the  town  of  Smyrna,  4  mile« 
west  of  the  village. 

Station  mark:  A  bluestone  i)Ost  48  by  f)  by  t5  inches,  set  30  inches 
in  the  ground  (resting  on  solid  rock),  in  the  center  of  the  top  of  which 
is  cemented  a  V)n)nze  triangulation  tablet. 

[Latitude  42    41'  8().32  .     Longitude  75^  39'  16.21".] 


To  station- 


Azimuth. 


Back  azimuth. 


-|- 


Berry 10  29  21. :H  190  27  53.7 

Sherburne  ..   289  :U  43.9  ,  109  43  51.3 


Log.  distance. 


4.2100681 
4.2907616 


BOBELL,  (^HP:NAN(40    COUNTY. 

A  station  of  the  New  York  States  survey,  situated  on  the  highest 
point  of  a  ])are  hill,  in  the  t^iwn  of  C-oventry,  4  miles  south  and  1  mile 
ast  of  the  village. 
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Station  mark:  A  granite  post  of  the  New  York  Stat«  survey  marked 
*"^N.Y.  S.S.  390." 

[Latitude  48"  16'  26.18' .     Longitude  75^  40  51.75  .] 


To  station- 


Windsor 
Maine 

Virgil 

Berry 

Whitcomb . 
Willis 
Bnttemnt . . 


Azimuth. 


Back  azimuth,  j  Log.  distance. 


15  53  38.8  I  195  50  55.6  i 

76  88  30.0  I  256  26  28.6  ! 

122  58  27.9  '  302  34  53.6  j 

178  33  16.1  i  358  82  58.2 


217  39  09.0 
287  46  26.2 
239  25  01. 1 


37  45  58. 1 


107  59  21.4  i 
59  42  52.4  i 


Metertt. 
4.2956850 
4. 4029914 
4.6527993 
4. 4865173 
4.3564016 
4.4438558 
4.6251888 


BERRY,  CHENANGO  COUNTY. 

A  station  of  the  New  York  State  survey,  on  the  town  lino  l>etwcen 
Pharsalia  and  McDonough,  1^^  miles  east  of  East  Pharsalia. 
Station  niHrk:  A  granite  post  marked  *'  N.  Y.  S.  S.  381." 

[Latitude  42**  32'  59.40 '.     Longitude  75"  41'  25.64  '.] 


To  station - 


Azimuth 


Virgil I  80  25  34.2 

Solon 109  51  50.1 

Smyrna .1  190  27  53.7 

Sherburne _ ..  246  12  35.8 

Whitcomb    ...i  310  49  06.8 

Bobell 358  32  53.2 

i 


Back  azimuth.  Log.  distance. 


260  07  19. 8  i 

289  39  49. 6  ! 

10  29  21.8  j 

66  23  09. 5  I 

180  66  19.9  I 

178  83  16. 1  I 


Meter*. 

4.5740224 
4.4115321 
4.2100681 
4. 3680101 
4.2869705 
4.4865173 


WINDSOR,   BROOME    COUNTY. 

.V  Station  of  the  New  York  State  survey,  situated  on  the  highest 
part  of  a  timbered  hill,  one-half  mile  north  and  1  mile  east  of  West 
Windsor. 

Station  mark :  A  broken  granit.e  post  of  the  New  Y'ork  State  survey. 

[Latitude  42"  06  10.26  .     Longitude  75"  44'  47.29  .] 


To  station- 


Ely    .- 

Maine 
Virgil 
Boliell 


Azimuth. 

97  81  41.6 
124  22  43.8 
148  10  17.9 
195  50  55.6 


Back  azimutli.      Lntf.  dlHtanre. 


277  24  41.8 

804  18  21.2 

828  00  28.8 

15  58  88. 8 


Mi'ttTH. 

4. 1620909 

4.8608094 

4.7834802 

4.2956a50 
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M'D0N0U<4H,   CHENANGO  COUNTY. 

A  secondary  station,  on  a  comparatively  low  hill  in  McDouough 
Township,  about  10  miles  west  of  Oxford  and  one-half  mile  west  of 
McDonough  village,  on  land  owned  by  George  Jones.  The  view  is 
partly  cut  off  by  timber  and  higher  hills. 

Station  mark :  A  ]X)le  6  inches  in  diameter  set  in  ground  and  rest- 
ing on  a  Iwwlder  18  inches  under  ground,  on  upper  surface  of  which 
a  triangle  was  cut. 

Reference  marks:  Stone  wall  200  feet  east.    Stonewall  204  feet  west. 

[Latitude  42°  29'  55.38' .     Longitude  76"  47'  18.87".] 


To  Htation- 


Azlmuth. 


Berry 234  25  26.9 

Bobell I    340  40  10.4 

Beadle I    anS  31  39.9 


Rack  azimuth. 


54  29  22.2 


Ix^.  diMtanoe. 

Meters. 

3.989S161 
160  44  2S.0;  4.4224870 
178  31  48.5  I         4. 0396390 


BKADLE,  CHENANGO  COUNTY. 

On  a  bare  liill  in  Smithville  Township,  1^  miles  northwest  of  Sniitli- 
ville  Flats,  on  land  l)elonging  to  H.  C.  Beadle. 

Station  mark:  A  bluestone  \yoHt  30  by  7  by  7  inches  set  30  inches  in 
the  ground,  in  tlie  (*enter  of  top  of  which  is  cemented  a  bronze  triangu- 
lation  tablet. 

[Latitude  42    24  00.40  .     Longitude  To    47  01.60". 


To  station - 


McDonougb . 

Berry   . 

BolyeW 


Azimuth. 

Back  azimuth. 

I^of?.  distance 

o 

0 

Meters, 

178  31  48.5 

358  81  39.9 

4. 0396390 

204  44  20.5 

24  48  07.4 

4.  2628410 

328  4«  3«.S 

148  53  45. 9 

4.2141580 

ELY,    BROOME   COUNTY. 

An  observation  towiM*  on  the  first  hill  northwest  of  the  city  of 
Binghaniton. 

Station  mark :  Center  of  obsei*vatory. 

Reference  mark:  A  granite  i)0.st  4S  by  0  by  G  inches  set  42  inches  in 
the  ground,  35  feet  south  of  observatory,  and  marked  "N.  Y.  S.  S. 
417." 

[Latitude  42    07   11.47  .     Longitude  75    55'  14.10".] 


To  statioii- 

Azimutb. 

Back  azimuth. 

Log.  distance. 

aine 

156  42  55.5 
277  24  41.3 

336  40  34.0 
97  31  41.6 

Meters. 

4.0872424 

4.1630909 

rindBor 
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BLOODY  POND,  CORTLAND  COUNTY. 

A  secondary  station  in  the  northwest  corner  of  the  town  of  Willet, 
on  the  highest  point  of  the  hill  to  the  northwest  of  Bloody  Pond. 

Station  mark:  A  cnt marble  post,  30  by  6  by  6  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  (*emente<i  a  bronze  trian- 
gulation  tablet  marked  "New  York  519.'' 

ILatitude  42"  2ft  21.22' .     Longitude  75   57  38. 14  .] 


To  sUtion- 

Azimuth. 

Back  azimnth. 

Log.  dlHtam^. 

e            '           tf 

o               .              „ 

Meters. 

Berry..   . 

253  02  15.6 

73   13  12.8 

4.3654:^26 

Boliell 

315  59  36.7 

136  10  5.5.1 

4.5210775 

MAINB,    BROOME   COUNTY. 

A  station  of  the  New  York  State  survey  on  a  bare  hill  in  the  eastern 
pai-t  of  the  trown  of  Maine. 

St>ation  mark:  A  granite  ])ost,  48  by  0  by  6  inches,  marked  'N.  Y. 
S.  S.  39S." 

[Latitude  42    13  15.35  .     Longitude  75    58  44.81   .] 
To8tation- 


Azimuth. 


Virjcil    156  19  15.5 


Back  azimnth.     Log.  (iiKtuiK-e. 


"        j  ifeitrs. 

:536   12  44.6  ;  4.5183599 

Bobell ;     256  26  28.6  I       76  3h:^0.0  4.4029914 

Windsor 304  13  21.2  j     124  22  43.3!  4.366H693 

Ely            '     336  40:^4.0        156  42  55.5  i  4.0872424 


VIRGIL,  CORTLAND    COUNTY. 

A  Station  of  the  New  York  State  survey  in  Virgil  towu.ship. 
Station  mark:  A  granite  post,  48  by  0  by  <>  inches,  set  42  in(*h(\s  in 
the  gi-ound,  marke<l  **N.  Y.  S.  S.  402." 

[Latitude  42"  29'  U.07' .     Longitude  76    08  24.96  .] 


To  utatiou  - 

Azimuth. 

219  59  02. 5 
260  07   19.8 
302  34  53.6 
336  12  44.6 

3  16  28.7 

1 
1 

Back  azimnth. 

40  05   17.6 

>0  25  34.  2 

122  53  27.9 

156  19   15.5 

1S3   14  55.3 

Log.  (liHtance 

Solon 

Metern. 

4.  29372:J5 

Berry   

4. 5740224 

Bobell  .  

4.6527993 

Maiyia 

4.518:^599 

Warren 

4.  747S(r)9 
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Primary  Traverse. 

Geographic  positions  along  Ogdensburg  and  Lake  Champiain  RaUwayfrom 
Ogdenaburg  to  Churubuseo^ 


SUtion. 


I 


Latitade. 


Loniptade. 


Ogdensbarg.  light-house  at  (United  States  lake  survey) . 

Milepoet  114,  road  crossing  1 ,000  feet  east  of 

Milepost  1 11,  road  crossing  425  feet  west  of . 

Lisbon  station .. 

Milepost  107,  road  crossing  205  feet  east  of 

Milepost  105,  road  crossing  1 ,555  feet  east  of 

Milepost  102,  road  crossing  250  feet  west  of 

Madrid  station,  road  crossing  285  feet  west  of 

Trout  Brook,  road  crossing  1,225  feet  west  of 

Milepost  96,  road  crossing  1 ,5^0  feet  east  of 

Norwood  station.  4,200  feet  west  of:  copper  bolt  set  in 
south  end  of  east  abutment  of  bridge  over  Raquette 
River.  10^  feet  south  of  center  of  track  

Norwood  station,  2,400  feet  west  of;  copper  bolt  in 
ledge  of  rock  in  bank,  11.8  feet  north  of  center  of 
track  and  74.5  feet  from  milepost  93 

Norwood  station,  about  one-fourth  mile  east  of.  Rome, 
Watertown  and  Ogdensburg  Railway  crossing 

Knapp  station .  

Milepost  87,  road  crossing  800  feet  west  of .   

Milepost  85,  road  crossiug  2,080  feet  east  of 

Winthop  and  Brasher  station,  585  feet  east  of,  west 
end  of  bridge  over  St.  Regis  River 

Milepost  81,  road  crossing  2,7r>0  feet  east  of  . . 

Milepost  79,  road  crossing  1,120  feet  east  of 

Milepost  77,  road  crossing  960  feet  east  of 

Milepost  75,  road  crossing  1,965  feet  west  of 

Mileix)8t  74,  road  crossing  2,070  feet  east  of 

Moira  station,  road  crossing  185  feet  west  of 

Moira  station,  about  1,130  feet  east  of,  in  rocky  pas- 
ture about  95  feet  south  of  the  center  of  railway 
track;  a  bronze  triangulation  tablet  set  in  rock 
outcrop  about  1  foot  above  surface  of  ground,  70.5 
feet  from  corner  of  pasture.    .    

Moira  station,  ribout  2, 100  feet  east  of.  in  rocky  pasture 

al)out  TO  feet  south  of  centerof  railway  track,  a  bronze 

triangulation  tablet  set  in  bowlder  about  5  by  2  feet 

6  inches  al)Ove  gronn*!.     ( Tablets  972.6")  feet  apart) . . 

^  Brushton  station,  road  cmssinj^.  215  feet  east  of       . 


44  41  53.8 
44  42  53.4 
44  43  33.6 
44  48  88.4 
44  48  34.0 
44  43  41.7 
44  43  58.3 
44  44  10.0 
44  44  07.4 
44  44  24.7 


I 


44  44  54.9 


44  44  59.5 

44  45  08.2 
14  46  01.2 
44  46  49.0 
44  47  16.4 

44  47  39. 1 
44  47  45.8 
44  47  58.2 
44  48  12.7 
44  48  25.4 
44  48  50.0 
44  49  31.8 


75  30  14.0 
75  25  06.0 
75  21  51.0 
75  19  09.6 
75  16  27.4 
75  14  06.8 
75  10  50.6 
75  08  53.1 
75  06  18.5 
75  03  18.3 


75  00  23.2 


74  59  58.0 

74  59  08.6 
74  56  10.2 
74  53  16.5 
74  50  12.8 

74  47  09.0 

74  45  12.9 

74  43  09.8 

74  40  46.4 

74  39  01.7 

74  36  57.0 

74  33  24.3 


44  49  34.4   74  33  06.3 


44  49  37. 1 
44  49  49.5 


74  32  53.2 
74  30  31.3 
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Oeoffraphic  positions  along  Offdensburg  and  Lake  Champlain  Railtoay  from 
Ogdentburg  to  C/tKniduMo— Continned. 


Station. 


Milepoet65,  road  crossing  110  f^et  west  of 

Bangor  station,  road  crossing  100  feet  west  of 

Milepost  60,  road  crossing  620  feet  west  of 

Milepost  58,  overhead  road  crossing  1,580  feet  east  of. 

Malone  station,  center  of 

Malone  Junction,  crossing  of  Ogdensbnrg  and  Lake 
Champlain  Railway,  and  Mohawk  and  Malone  Rail- 
way  . . 

Malone,  Franklin Coonty  fairgrounds,  south  meridian 
monument 

Malone,  Franklin  County  fair  grounds,  north  meridian 
monument. 

Milepost  53,  road  crossing  2,280  feet  west  of 

Milepost  51 ,  road  crossing  1 ,  160  feet  east  of  . . 

Burke  station,  opposite  center  of 

Milepost  46,  road  crossing  1,390  feet  east  of 

Milepost  44,  road  crossing  1,920  feet  west  of 

Milepost  43,  road  crossing  1,150  feet  east  of 

Milepost  40,  road  crossing  890  feet  west  of 

Milepost  39.  road  crossing  2,695  feet  east  of 

Churubusco  triangulation  station,  cross  on  tower  of 
St.  Philominus  Catholic  Church 


Latitude. 


44  50  26.8 
44  51  05.9 
44  51  31.4 
44  51  89.9 
44  50  58.5 


44  51  30.4 


44  50  50.4   74  16  38.3 


longitude. 

74  26  58.6 
74  24  09.9 
74  21  34.8 
74  18  44.6 
74  17  33.8 

74  16  30.0 


44  51  00. 2 

74  16  38.3 

44  52  38.6 

74  14  42.9 

44  53  55.8 

74  12  09.0 

44  54  10.4 

74  10  09.8 

44  55  12.4 

74  06  21.1 

44  5.1  25.8 

74  04  44.8 

44  55  44. 1 

74  02  51.9 

44  56  21.0 

73  59  48.7 

44  56  57.5 

73  57  57.5 

44  57  15.63 

73  55  55.  OJ 

Geographic  positions  along  the  Adirondack  and  St.Laiorence  Railway  {Neio  York 
Centred)  from  Malone  to  tlie  International  Boundary  Line. 


Station. 


Milepost  63,  center  of  bridge  over  stream  990  feet 

north  of  . . 

Constable  station,  road  crossing  155  feet  north  of 

Milepost  58,  road  crossing  2,070  feet  north  of   

Milepost  56,  road  crossing  1,060  feet  south  of 

Iron  boundary  post  No.  728 


Latitude. 


Longitude. 


I 


44  53  24. 4 
44  56  00.3 
44  57  18.5 
44  58  30.0 
44  59  43.4 


74  17  08.5 
74  17  04. 1 
74  15  21.8 
74  14  59.3 
74  15  02.2 
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Oeogntjjiiir  jnmitiouB  along  Moitattk  and  Malone  RaUwa^  {New  York  Central) 
fnnn  Malane  mmth  to  Ou^s  Head  StaHon, 


Station. 


Latltade. 


Milepost  2,  road  croesing  .'>8(i  feet  Bonth  of    44  49  d4.4 

Whippleville  flag  station.       44  48  28.6 

MilepoBtNo.6 44  46  87.0 

Chasm  Falls  flag  ntation,  road  crossing  675  feet  south  of.  44  46  87. 3 

Owls  Head  station,  road  crossing  abont  three-fonrths 

milenorthof 44  44  83.8 


Owls  Head  ttiangnlation  station 


LoD^tnde. 

o  *  » 

74  15  39.6 
74  14  89.9 
74  18  84.6 
74  13  09.6 

74  10  32.9 


44  44  86.81  <   74  09  a5.80 


GeiMjraphir  ptmitiium  along  Rotne^  Watertown  and  Ogtlewimry  Railwtty  from 
yormxMl  to  Massena  Springs, 


station. 


LaUtnde. 


LoBsitade. 


MileiKjst  2N8.  road  crossing  WK)  feet  south  of 44  46  l.'i.  8 

iMilepost  29<).  road  cro&^iug  1  .(U<)  feet  south  of 44  47  48. 2 

Plum  Brook  flag  station,  road  crossing  at  44  49  50. 8 

Milepost  294,  road  crossing  1 ,540  feet  north  of .  44  51  24. 2 

Milepost  290,  road  crossing  2, 140  feet  north  of 44  53  06. 2 

Massena  Springs  station,  road  crossing  3.">0  feet  south  of .  |  44  54  53. 1 


74  57  33.4 
74  56  58.0 
74  55  19.7 
74  55  07.5 
74  54  12.3 
74  53  15.9 


(TtuHjniphic  positions  alnmj  (riHiml  Trunk  Raihniif  from  Masserui  Springe  to 

BinnlHiy. 


station.  Latitude. 

Milepost  94.  center  of  bridge,  iVM)  feet  east  of . .  44  55  22. 9 

Milej>ost  92,  road  crossing  2,480  feet  east  of 44  55  34. 0 

Milepost  90.  rojid  crossing  1 .090  feet  east  of . .  44  55  38. 7 

Helena  station,  New  York  and  ( )ttawa  Railway  crossing  44  55  27. 1 

Milepost  S5,  road  crossing  2.045  fe<'t  west  of 44  55  35. 9 

Milepost  H:J,  road  crossing  l  ,070  feet  west  of 44  55^44. 1 

Milepost  >^2,  road  crossing  245  feet  west  of 44  55  50. 8 

Bombay  station,  north w^est  corner  of 44  56  19. 2 

Hombay,  church  steeple . .     44  56  22. 7 


r 


LK>ng:itnde. 

74  50  44.1 

74  47  56.0 

74  45  48.9 

74  43  01.5 

74  40  31.5 

74  38  00.5 

74  36  27.9 

74  34  19.0 

74  3;^  56.2 
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Oeographic  poeitioTis  along  New  York  and  Ottawa  Railway  from  Helena  to  Moira. 


SUtion.  Latitude. 


iFODton  flag  station,  road  crossing  380  feet  north  of  . .  I    44  58  55. 0 

Milepoet  62,  road  crossing  4,126  feet  north  of 44  58  14. 3 

Milepost  57,  road  crossing  370  feet  north  of 

Milepost  56,  road  crossing  one-half  mile  south  of  . . 


Longitude. 


74  41  06.8 

74  39  43.2 

44  51  12.9        74  36  14.5 

44  50  15.0        74  34  56.3 


Meridian  Marks. 
BINOHAMTON,  BROOME  COUNTY. 

I^K*4itioii  of  station:  In  court-house  grounds,  Binghamton. 

Station  mark:  A  granite  post  4:8  by  8  by  8  inches,  set  48  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  ]>ronze 
nieridian  tablet. 

Distant  mark:  North  of  station  295.5  feet.  A  granite  post  48  by  8 
b}'  S  inches,  set  48  inches  in  the  ground,  in  center  of  top  of  whi<*h  is 
cemented  a  bronze  triangulation  tablet. 

COOPERSTOWN,  OTSEGO  COUNTY. 

Loc*ition  of  station :  In  the  grounds  of  the  Otsego  County  court- 
house, on  west  side  of  main  building. 

Station  mark:  A  marble  post  38  by  8  by  6|  inches,  s(^t  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  merid- 
ian tablet. 

Distant  mark:  North  of  station  336  feet.  A  mat'ble  post  38  by  8  by 
r>4  inches,  set  34  inches  in  the  ground.  ^  In  the  center  of  top  is  cemented 
a  bronze  meridian  tablet. 

Local  referee :  E.  A.  Potter. 

DELHI,  DELAWARE    COUNTY. 

Lwration of  station:  On  grounds  of  the  Delaware  ('Ountv  Agricultu- 
ral Society  at  Delhi, 

Station  mark:  A  marble  post  36  by  8  hy  8  inches,  set  32  inches  in 
the  gi-ound,  in  center  of  top  of  which  is  cemented  a  bronze  meridian 
tablet. 

Distant  mark:  North  of  station  491.3  feet.  A  marble  i)()st  l*»')  by  11 
by  5  inches,  set  23  inches  in  the  ground,  and  resting  on  a  marble 
block  8  inches  thick.  In  center  of  t^p  is  cemented  a  bronze  meridian 
tablet. 

GOSHEN,  0RAN(;E   COUNTY. 

Location  of  station:  In  the  groumls  of  the  Presbyterian  Church  of 
Goshen. 
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Station  mark:  A  blue  sandstone  post  36  by  8  by  8  inches,  set  flush 
with  surface  of  ground,  with  a  bronze  meridian  tablet  in  center  of  top. 

Distant  mark:  A  blue  sandstone  post  36  by  8  by  8  inches,  357.2 
feet  north  of  station  mark,  set  flush  with  surface  of  ground.  In  cen- 
ter of  top  is  a  bronze  meridian  tablet. 

HAMILTON,  MADISON   COUNTY. 

Location  of  station :  On  Hamilton  College  campus. 

Station  mark :  A  marble  post  34  by  6  by  6  inches,  set  in  a  concrete 
column  48  by  24  by  24  inches.  In  center  of  top  of  post  is  cemented  a 
bronze  meridian  tablet. 

Distant  mark:  North  of  station  665.7  feet.  True  azimuth,  180"^  00' 
09".  A  marble  post  34  by  6  by  6  inches,  set  in  a  concrete  column  48 
by  24  by  24  inches.  In  center  of  top  of  post  is  cemented  a  bronze 
meridian  tablet. 

MALONE,  FRANKLIN  COUNTY. 

Location  of  station :  On  the  grounds  of  the  Franklin  County  Agri- 
cultural Association. 

Station  mark :  A  marble  post  36  by  6  by  6  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bt*onze  merid- 
ian tablet.     Post  is  2  feet  north  of  fence  on  inside  of  race  track. 

Distant  mark :  North  of  station  mark  990  feet.  A  marble  post  36  by 
6  by  6  inches,  set  33  inches  in  the  ground,  in  the  center  of  top  of 
which  is  cemented  a  bronze  meridian  tabh^t.  Post  is  2^  feet  south  of 
inside  edge  of  race  track  and  1  foot  south  of  railing  along  inside  edge 
of  race  track. 

NORWICH,  CHENAN(iO   COUNTY. 

Locatlcm  of  station:  In  City  Park,  f»astward  from  court-house. 

Station  mark:  A  stone  post  48  by  12  by  12  inches,  with  top  dressed 
round,  8  inches  in  diameter,  and  set  48  inches  in  the  gi*ound.  In  the 
center  of  top  is  eeinented  a  copper  ])olt  4  inches  long  and  1  inch  in 
diameter. 

Distant  mark:  North  of  station  185  feet.  A  stone  post  48  by  12  by 
12  inc^hes,  top  dressed  round  to  8  inches  in  diameter,  set  48  inches  in 
the  ground,  in  the  center  of  top  of  which  is  leaded  a  bronze  meridian 
tablet. 

UTICA,  OXKIDA    COUNTY. 

Location  of  station:  On  the  Oneida-llerkimer  county  line,  which  is 
also  the  city  of  Utiea  boundary  line  (Turner  street),  at  intersection  of 
West  Shore  track  and  Bleeker  street. 

Station  mark:  A  stone  i)ost  48  by  10  by  10  inches,  dressed  with 
ronn<l  loj),  and  sot  4r)  inches  in  the  ground.  In  the  center  of  top  is 
cemented  a  bronze  meridian  tablet  on  which  is  stamped  *'N.  34"  07' 
52"  E."  true. 
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Distant  mark:  North  34""  07'  52",  oast  (true)  of  station  one-third 
mile.  A  county  line  monument  48  by  12  by  12  inches,  set  3G  inches 
in  the  ground.     On  south  side  of  Broad  street  east  of  Turner  street. 


DELAWARE-MARYLAND. 


Primary  Traverse. 


Seventy-seven  geographic  positions  were  determined  in  the  Dela- 
ware-Maryland peninsula  by  primary  traverse  by  George  T.  Hawkins, 
toi)ographer,  in  April  and  May,  1900.  The  traverse  starts  at  Hartly 
triangulation  station  of  the  United  States  Coast  and  Geodetic  Survey 
and  follows  the  Philadelphia,  Wilmington  and  Baltimore  Railroad  to 
Easton,  thence  along  the  Baltimore,  Chesai)eake  and  Atlantic  Rail- 
road to  Berlin,  thence  northward  along  the  former  road  to  Lewes, 
Del.,  connecting  with  the  light-house  at  Cape  Ilenlopen,  a  triangula- 
tion station  of  the  United  States  Coast  and  Geodetic  Sui-vey. 

A  line  also  runs  along  the  New  York,  Philadelphia  and  Norfolk 
Railroad  from  Salisbury  to  Crisfield,  connecting  with  the  light-house 
at  the  latter  place  located  by  the  United  States  Coast  and  Geodetic 
Survey.  A  spur  line  runs  along  the  Philadelphia,  Wilmington  and 
Baltimore  Railroad  southward  from  Berlin  to  Franklin  City,  Virginia. 

Geitgraphic  positions  aUmg  the  Philadelphia^  Wilmington  and  Baltimore  Railroad. 


SUtionii. 


DELAWARE. 


Latitude.  Loni^itade. 


Hartly  trisngnlation  station,  United  States  Coast  and 

Geodetic  Survey. 

Hartly  railroad  station 

Slaughter  station 

Maryland- Delaware  State  line  crossing 

MARYLAND. 

Marydel  station 

Henderson  station 

Goldsboro  station 

Road  crossing  at  milepoet  22 . . 

Cj^reensboro  station 

Bidgely  station 

Queen  Anne  station 

Cordova      _ 

Chapel  station _ 

Road  crossing  at  station. 

Elaston,  Philadelphia,  Wilmington  and  Baltimore  Rail- 
road station  

Evasion,  crossing  of  railroads  southeast  of 


3y  10  48.86  , 
39  09  59.  9  ! 
39  09  30. 5  I 
39  06  50. 9 


39  06  45. 3 
39  04  31.2 
39  02  07.  4 
39  00  08. 3 
38  58  39.0 
38  56  50. 1 
38  55  13.6 
38  52  32.0 
38  50  25. 9 
38  48  37.8 

38  46  33.  4 
38  45  59. 8 


75  40  17.8 
75  42  37.8 
75  42  57.7 
75  44  44.5 

75  44  47.3 
75  45  56. 1 
75  47  09. 8 
75  48  10.8 
75  49  01.9 
75  53  10.7 

75  57  21.7 
:.•)  59  45.3 

76  01  31.0 
76  03  01.6 

76  04  07. 4 
76  04  08.2 
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Geographic  pom'tionH  along  tJie  Baltimore,  Chesapeake  and  Atlantic  RaUroad, 

SUtioDS. 


LAtitade. 


MARYLAND. 

Turner  station 

Bethleheui  station 

Preston  station. 

Ellwood 

Hurlock . 

Harlock,  crossing  of  railways  at 

Ennals  station,  crossing  at  ... 

Rhodesdale  station 

Reedsgrove  station  .. 

Vienna  station    .   . 

Mardela  Springs  station _ . 

Crossing  1 ,5(M)  feet  west  of  station 

Hebron  station 

Rocka walking  station 

Road  crossint;  500  feet  east  of  station 

Salisbury.  Baltimore,  Chesai>eake and  Atlantic  station. 

Road  crossing  at  station ...     

Parsonsburg  station . . 

Pittsville  station 

Road  crossing  at  station  . 

Willards  station 

Whaleysville  station  

St.  Martin  station      

Berlin,  crossing  of  railways  at. . 


38  44  44.5 
38  44  40.5 
88  42  86.8 
38  41  11.9 
38  38  09.1 
88  38  08.8 
38  36  02.6 
38  84  88.1 
38  32  01.1 
38  29  06.8 
38  27  45.7 
38  26  38.6 
38  25  08.9 
38  24  04.8 
38  22  57. 1 
38  22  21.4 
38  22  41.8 
88  28  16.7 
38  28  43.4 
38  23  43. 1 
38  23  43.0 
38  23  42. 2 
38  22  23. 1 
38  10  42.2 


Longitude. 


76  00  38.5 
75  56  47.4 
75  54  42.0 
75  53  16.2 
75  51  42.  S 
75  51  42.0 
75  50  49.7 
75  50  14.1 
75  49  39.4 
75  49  23.5 
75  45  27.6 
75  48  40.0 
75  41  22.7 
75  89  88.8 
75  87  50.9 
75  35  47.6 
75  33  17.2 
75  28  04.4 
75  24  48.2 
75  22  05.4 
75  20  59.2 
75  18  08.4 
7.">  14  55.4 
75  13  18.4 
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Oecgraphie  positions  along  the  Philadelphia^  Wilmington  aiid  Baltimore  Railway, 


StStiODB. 


MARYLAND. 

Road  crossing  at  station  north  of  Berlin 

6howell  station    .  

Bishop  station 

Maryland- Delaware  State  line  near  Selbjryille 

DELAWARE. 

Selbyville  station 

Frankford  station 

Dagsboro  station . 

MUlsboro  station 

Stockley  station 

GFeorgetown,  south  end  of  Y 

Road  crossing  at  west  end  of  siding 

Broadkill  station 

Cool  Spring  station  (Harbeson  post-office) 

Nassau  station 

Lewes  station  . .  

Cape  Henlopen  iight-honse,  United  States  Coast  and 
G^eodetlc  Survey  triangulation  station 


Latitude. 


38  22  21.5 
38  28  58.2 
38  25  40.6 
38  27  04.7 

38  27  27. 8 
38  31  03.3 
38  32  50.3 
38  35  17.9 
38  38  28.7 
38  41  20.2 
38  42  07. 3 
38  43  15.0 
38  43  56. 6 
38  45  06. 7 
38  46  02.8 

38  46  41.7 


Lon{fitude. 

O      /       II 

75  12  46. 1 

75  12  57.4 

75  13  18.5 

75  18  89.4 

75  13  41.9 

75  14  11.8 

75  14  57.8 

75  17  83.8 

75  20  26.7 

75  22  42.8 

75  20  37.8 

75  17  05.5 

75  14  54.9 

75  11  14.3 

75  08  29.4 

75  05  02.9 

Geographic  positions  along  tfie  Philadelphia ^   Wilmington  and  Baltimore  Rail 
road  between  Berlin,  Md.,  and  Franklin  City,  Va, 


SUtions. 


MARYLAND. 

Ironshire  station 

Crossing  470  feet  north  of  head  block 

Newark  station    -. 

Wesley  station 

Snow  Hill  station 

Scarboro  station . 

Girdletree  station 

Hursley  station 

Maryland- Virgrinia  State  line 

VIRGIlflA. 

Franklin  City  station 


Latitude. 

Longitude. 

38  17  38.8 

75  15  06.4 

38  16  13.8 

75  16  27.8 

38  15  06.6 

75  17  33.1 

88  12  35.3 

75  20  43.9 

38  10  38.7 

75  23  06.9 

38  08  00. 3 

75  23  43.8 

38  05  42.7 

75  24  09.9 

38  03  18. 1 

75  24  40.9 

38  00  51.6 

75  23  20.7 

38  00  24. 1 

75  22  58.4 
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Oeographic  positwns  alorig  the  New  York^  Philadelphia  and  Norfolk  Railroad 
between  Salisbury  and  Crisfield,  Md, 


stations. 


Latitude. 


LoDfiritnde. 


MARYLAND. 

Maryland- Delaware  State  line  at  Delmar 

Salisbury ;  crossing  at  north  end  of  siding  3  miles 

north  of... 

Fmitland  station 

Eden  station , 

Loretto  station 

Princees  Anne  station _. 

Kings  Creek,  junction  of  railways 

Kings  Creek  station  (Peninsula  Junction  post-office) . . 

Westover  station 

Kingston  station  _  

Marion  station _ 

Hopewell  station 

Crossing  170  feet  east  of  switch  block 

Crisfield  light-house,  United  States  Coast  and  G^eo- 

detic  Survey  triangulation  station 


38  27  22.5  I    75  34  42.7 


88  24  26.6 

75  35  02.7 

38  19  18.2 

75  37  10.3 

38  16  58.9 

75  39  00.5 

88  14  52.1 

75  40  33.4 

38  12  01.9 

75  41  26.7 

38  09  58.8 

75  41  20.6 

88  09  50.8 

75  41  20.6 

38  07  81.5 

75  42  20.5 

38  04  27.9 

75  43  40.9 

38  02  20.6 

75  46  19.0 

38  00  28.8 

75  49  07.0 

87  59  21.2 

75  50  48.6 

87  57  59.5 


75  52  39.75 


PENNSYLVANIA. 


Primary  Traverse. 


Primary  ti'avei*se  for  tin*  control  of  th(*  Westchester  15-ininute  quad- 
rangle in  March,  1001. 

The  following  geograpliic  positions  were  determined  by  Mr.  Sledge 
Tatuni,  topographer,  by  primary  traverse  which  begins  at  Granogue, 
Del.,  a  triangulation  station  of  the  Fnited  States  Coast  and  Geodetic 
Survey,  and  runs  north  to  Chadds  Ford,  Pa.,  on  the  Wilmington  an<l 
Northern  Railroad;  thenc(»  north  via  highw^ays  to  Cheyney  station,  on 
Westcliesti^r  Railroad;  thence  north  on  same  railroad  to  Greeuhill 
station;  thence  west  via  highways  to  Whit^dand  station,  on  Pennsyl- 
vania Railroad;  thence  west  on  Pennsylvania  Railroad  to  Tliorndale; 
thence  south  via  highwa3\s,  touching  Embreeville  and  Union ville  to 
Kennett  Square,  Pa.,  on  Philadtdphia,  Wilmington  and  Baltimore 
Railroad:  thence  east  to  Chadds  Ford. 


WTIJD^  a  AU}  KENKSYLVANIA. 
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latitude. 


Lontritude. 


Unnogne  triangnlation  Station  :    30  40  47.5       75  34  50.8 

Ddaware-Pennsylvania  State  line |    80  50  18.4       75  35  07.4 

Cossart  station 30  50  4«.l        75  35  46.0 

75  35  48.4 
75  35  46. 4 


Brookfield  station 30  51  11.8 

ChaddB  Ford  Junction :    30  52  08.0 


(Geographic  pantUms  altftig  Wentdwjtter  HuilnHuL 

Station.  I^titudu.  LouKitudu. 


Cheyney station ;»  55  44.2  75  31  23.6 

Westtown  station 39  55  55.6  75  32  58.6 

Westchester,  northwest  end  car  shed 39  57  41.3  75  36  03.0 

Fern  Hill  station 39  5«  44.4  ^  75  35  20.4 

Green  mil  station 30  59  42.3  75  36  04.8 


Geographic  jxmtions  along  Penruiijlvania  Railnnid, 

Station.  I^titudo.  LonKitiulo 


Whiteland.  road  crossing  at 40  ()1  09.3 

Bradford  Hill  station '  40  oo  22.1 

Woodbine  station,  road  crossing  at    40  oo  is.  4 

^'niingtown,  road  crossing  600  feet  woat  of   !  40  00  10.  ."i 

^laghersville  station    . _ '  3tKV.)  50.3 

Thorndale.  road  crossing  at    30  59  3.S.  5 


75  37  22.9 
75  39  40.2 
75  41  10.7 
75  42  08.0 
75  41  OM.4 
75  45  21.0 


Geographic  jXMfitioiiH  alofig  highways  fn mi  TtttnminU'  ta  Kfnnrtt  Squan', 

Station.  Latitud*-.  LontfitiuKi 


Bmbreeville  station    

Unionville,  crossing  of  streets 


39  55  48.9 
39  53  43. 2 


44  05.4 
44  05.7 
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Oeographic  positionH  along  Philadelphia,  Wilmington  and  Baltimore  Railroad. 


Station. 


Latitude. 


I^oDKitude. 


Kennett  Square  Station I    39  50  82.2 

RcMBedale  station !    39  50  51.4 


Fairville 

Chadds  FordJunction 

Brandywine  Snmmit  station . 

Concord ville.  crossing  600  feet  west  of 
Markham  station 


39  51  11.2 
39  52  08.0  ! 
39  52  26.2  | 
39  52  38.5  I 
39  53  26.3  j 


75  42  34.4 
75  39  46.8 
75  38  32.4 
75  35  46.4 
75  32  41.5 
75  80  50.4 
75  30  22.2 


Triangulation  Stations. 

The  descriptions  and  positions  published  lierewith,  resulting  from 
the  field  work  of  1899  and  1900,  executed  under  the  supervision  of 
Mr.  S.  S.  Gannett,  to]X)grapher,  in  Franklin,  Fulton,  Bedford,  Blair, 
Huntingdon,  and  Cambria  counties,  were  established  by  Mr.  Sledge 
Tatum,  topographer,  in  1899,  and  by  Mr.  A.  H.  Thompson,  gec^a- 
pher,  in  1900. 

Stations  in  the  southwestern  portion  of  the  State  in  Fayette,  Greene, 
Washington,  Westmoreland,  Allegheny,  Beaver,  Indiana,  Annstrong, 
and  Clarion  counties,  result  from  the  work  of  Messrs.  A.  H.  Thomp- 
son, geographer;  S.  S.  Gannett,  Sledge  Tatum,  topographei-s ;  D.  H. 
Bald\vin  and  W.  R.  Harper,  assistant  topographers,  and  E.  L.  McNair, 
field  assistant.  All  positions  are  based  upon  Maryland  Heights  and 
Sugarloaf  stations  of  the  United  States  Coast  and  Geodetic  Survey, 
and  on  ** United  States  Standard  Datum."  Distances  were  checked 
by  a  base  line,  measured  by  Mr.  S.  S.  Gannett,  on  the  main  line  of 
the  Pennsylvania  railroad  passing  through  Hillside,  Westmoreland 
County,  and  check  azimuths  were  observed  at  three  primary  stMions, 
namely,  Krepp,  Dawson,  and  Hillside  North  Base. 

Triangulation  for  control  of  the  (-arlisle  and  Gettysburg  sheets  was 
extended  westward  from  Round  Top  and  Pulpit  Rock  of  the  United 
States  Coast  and  (Tcodetic  Survey  by  Mi-.  S.  S.  (xannettin  August  and 
September,  1900. 

ROUND   TOP,    YORK    COUNTY. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey  in  War- 
rington Townsliip,  8  miles  east  of  Dillsburg.  The  summit  is  timl>ered 
and  can  be  reached  by  trail  from  the  house  of  Harrison  Nesbit,  1  mile 
distant. 

Theodolite  elevated  30  feet. 

Station  mark:  A  sandstone  i)ost  18  b}^  0  by  0  inches,  set  15  inches 
in  the  ground  and  resting  on  a  flat  rock  having  cross  lines  cut  on  its 
upper  surface. 
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[Latitude  40**  06'  13.24' .     Longritude  76'  55'  84.14  ".] 


To  station— 

Asimnth. 

Log.  diHtanoe. 

PnlpitBock 

3  56  07.80 
73  21  43. 73 

o          ;             n 

183  55  16.04 
253  13  17.53 

Meter*. 
4. 4378802 

Fickle  Hill 

4.2889168 

PULPIT  ROCK. 

On  county  line  between  York  and  Adams  counties. 

A  station  of  the  Unit.ed  States  Coast  and  Geodetic  Survey,  5  miles 
by  road  north  of  Hanover  and  about  3  miles  east  of  Abbotstown. 
The  station  is  on  a  rocky  backbone  of  the  heavily  timbered  summit 
of  the  Pigeon  Hills. 

Theodolite  elevated  35  feet. 

Station  mark:  A  stone  i)ost  20  by  G  by  0  inches,  sot  18  inches  in  the 
ground  and  resting  on  a  flat  rock. 

[Latitude  89"  51'  26.77  ".     Longitude  76°  56'  53.27".] 


To  station- 


Gettysburg,  Bound  Top 

Fickle  Hill 

Round  Top 


Azimuth. 


72  30  38.80 
142  24  17.92 
188  55  16.94 


Back  azimuth. 

o  /  // 

252  19  22.35 

322  16  43.84 

3  56  07.80 


Lof?.  distance. 


Meters. 
4.4175998 
4.4388914 
4.4378302 


FICKLE   HILL,  ADAMS  COUNTY. 

On  a  partly  cleared  flat  ridge  near  the  northern  extremitj^  of  the 
county,  2  miles  north  of  Latimer  post-oflice.  The  station  is  30  feet 
northeast  of  outcropping  ledge  on  highest  part  of  ridge  on  land  owned 
by  W.  A.  Bream. 

Theodolite  elevated  30  feet. 

Station  mark:  A  stone  post  36  by  10  by  10  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  08'  11.94".     Longitude  77^  08'  40.87".] 


To  station— 


Gettysburg,  Round  Top 

Bound  Top 

Pulpit  Rock 


Azimuth. 


15  19  22. 10 
253  13  17.53 
822  16  43.84 


Back  azimuth. 

Lojf.  diBtance. 

n 

Meters. 

195  15  43.03 

4.4876976 

73  21  43.73 

4.2889168 

142  24  17.92 

4.4388914 
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GETTYSBURG,  ROUND   TOP,  ADAMS  COUNTY. 

The  noted  round  knob,  3  miles  south  of  Gettysburg. 
Theodolite  mounted  on  upper  floor  of  the  iron  observation  tower, 
about  70  feet  above  ground. 
Station  mark:  Center  of  stone  foundation  of  tower. 

[Latitude  39**  47'  10.54 ".     Longitude  77"  14'  21.74".] 


To  station— 

Azimuth. 

Back  azimath. 

Log.  distance. 

Fickle  Hill .. 

O               t                   It 

195  15  43.03 
252  19  22.35 

15  19  22. 10 
72  80  38.80 

Meter*. 
4. 4876976 

Pulpit  Rock 

4  4175998 

ALTO,  FRANKLIN   COUNTY. 

(Not  occupied.) 

About  9|  miles  southeast  of  Chambersburg  and  1  mile  east  of  Mont 
Alto,  ou  mountain  locally  known  by  that  name. 
Signal:  A  wooden  observation  tower  in  Mont  Alto  Park. 

[Latitude  39**  50'  04.06' .    Longitude  77'  32'  08.72".] 


To  station— 


Fairview 

Parnell 

Chaml>ersburfj 


Azimuth. 

Back  azimuth. 

Ley.  distance. 

o            /            /r 

o            /            // 

Meters. 

62  06  34.6 

241  49  55.8 

4.6246864 

108  11  58.4 

287  59  23.8 

4.4687745 

136  56  56. 7 

316  52  07.6 

4. 1954468 

CHAMBERSBURCJ,   FRANKLIN   COUNTY. 

The  balcony  of  tlie  clock  tower  on  the  county  court-house  at  Cham- 
bersburg was  occu[  *ed  and  the  angles  reduced  to  center  of  tower. 
Station  mark:  Center  of  clock  tower. 

(Latitude  39"  56   15.41  .     Longitude  77°  39'  89.62".] 


To  station- 


Azimuth. 


Parnell 82  25  31.4 

Quirauk :m  33  43.9 

Alto.    316  52  07.6 


Back  azimath. 

o              /             /' 

263  17  45.3 

154  39  25.8 

136  56  56. 7 

Ijog.  distance. 

Meters. 
4.2405209 
4. 4715130 
4.1054468 
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PARNELL,  FRANKLIN  COUNTY. 

On  mountain  locally  known  by  same  name,  about  0  miles  west  of 
Chambersburg  and  3  miles  east  of  Fort  London. 

Theodolite  elevated  24  feet  on  stump  of  a  tree;  sight  lines  cut 
through  timber  to  other  stations. 

Station  mark:  A  bronze  tablet  marked  "U.  S.  Geological  Survey— 
Pennsj'lvania,"  cemented  in  solid  rock. 

[Latitude  39^  65'  00.42".     Longitude  77"  51'  45.82".] 


To  station- 


Fairview 

Cove 

Pike 

Chambersburg 

Alto..._ 

Qnirauk 

Martin 


Azimuth. 


Back  azimath. 


17  36  22.3  I 
4*  49  11.6 
88  O;  15.8 
262  1.  45.3 
287  59  2J.  8 
309  04  53.8 
340  38  14.6 


197  32  15.8 
224  41  37.6 
268  03  34.2 
82  25  31.4 
108  11  58.4 
129  18  20. 6 
160  42  52.2 


Log.  distance. 


Meter  a. 

4.4822860 

4.3790001 

3.9142524 

4.2405209 

4.4687745 

4.5874493 

4. 4941249 


PIKE,  ON  LINE  BETWEEN  FRANKLIN   AND   FULTON   COUNTIES. 

About  5  miles  air-line  distance  northwest  of  Mercersburg  and  3 
miles  east  of  McConnellsburg,  on  Cove  Mountain,  1,000  feet  south  of 
Chambersburg  and  Bedford  pike. 

Theodolite  elevated  16  feet  on  stump  of  tree;  sight  lines  cut 
through  timber  to  other  stations. 

Station  mark:  A  copper  bolt  cemented  in  solid  rock. 

[Latitude  39"  64'  51.55''.    Longitude  77^  57'  31.23".] 


To  Htation— 

Azimuth. 

Back  azimath. 

Log.  distance. 

Cove  

27  21  16.2 

68  27  08.0 

123  53  29.4 

268  03  34.2 

O                 /                 II 

207  17  23.4 
248  13  43. 0 
303  46  16.2 

88  07  15.8 

Meters. 
4. 2746459 

Bay                .     :... .  . 

4. 5068009 

Smith       

4.2849006 

Pamoll 

3. 9142524 

COVE,  ON  LINE   BETWEEN  FRANKLIN   AND   FULTON   COUNTIES. 

On  mountain  known  by  that  name,  about  4  miles  north  of  P(»nnsyl- 
vauia-Maryland  State  line,  and  2  miles  east  of  Hancock  and  McCon- 
nellsburg  road,  on  highest  point  of  mountain. 

Theodolite  elevated  14  feet  on  stump  of  tn'c,  willi  siglit  lines  cut 
through  timber  to  other  stations. 
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Station  mark:  A  bronze  tablet  marked  **U.  S.  Gk>ological  Survey, 
Pennsylvania"  cemented  in  solid  rock. 

[Latitude  39"  45'  49.37".     Longritude  78"  08'  34.56".] 


To  station- 


Ray 

Smith... 
Pike... 
PamelL. 
Fairview 


Azimnth. 

0          1          n 

0              t              It 

Meter*. 

102  58  51.6 

282  49  20.4 

4.3382797 

164  57  17.7 

844  58  68.2 

4.4537546 

207  17  23.4 

27  21  16.2 

4.2746459 

224  41  37.6 

44  49  11.6 

4.3790001 

327  08  38.8 

147  12  05.6 

4. 1528312 

SMITH,   FULTON   COUNTY. 

On  land  owned  by  George  Smith,  of  Sideling  Hill,  about  2  miles 
west  of  Saluvia  <and  one-lialf  mile  south  of  Chambersburg  and  Bed- 
ford pike.     Sight  lines  were  cut  through  timber  to  other  Htations. 

Station  mark:  A  stone  post,  48  by  10  by  10  inches,  set  flush  with 
surface  of  ground,  in  the  center  of  top  which  is  cemented  a  bronze 
tablet  marked  *'U.  S.  Geological  Survey,  Pennsylvania." 

[Latitude  40°  00'  89.42".    Longitude  78"  08'  45.70  ".] 


To  station— 


Ray 

Everett 

Qovemmeiit 

Tussey 

Pike 

Cove 


Azimuth. 


31  30  03. 8 
80  33  28.2 
109  19  39.0 
143  16  53.0 
303  46  16.2 
344  53  58.2 


Back  azimuth.     Log:,  distance. 


211  23  50.7 
260  22  54.7 
289  13  32. 6 
322  09  26.6 
123  53  29.4 
164  57  17.7 


Meters. 

4. 4228184 

4.3749415 

4. 1555140 

4.4280288 

4.2849006 

4.4537546 


HICKS,  BLAIR,  AND   HUNTINGDON   COUNTIES. 

SituatcMl  on  the  crest  of  Tussey  Mountain,  about  one-half  mile 
north  of  point  at  which  the  Williamsburg  and  Marklesburg  pike 
crosses  the  mountain. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  solid  ix>ck. 

[Latitude  40"  25'  19.33  .     Longitude  78"  10'  05.10".] 


To  Btation— 

Azimuth.          Back  azimuth. 

Log.  distance. 

Beavertowii 

29  39  23. 5 

209  37  46.2 
323  11  87.8 

Meters, 
3.8550653 

Point  View. 

143  14  11.6 

3.9709241 
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TERRACE  (2),  HUNTINGDON  COUNTY. 

(Not  occupied.) 

Situated  on  a  high  ridge  known  locally  as  Terrace  Mountain,  about 
1  mile  south  of  the  Entriken  bridge  over  the  Juniata  River  and  one- 
fourth  mile  south  of  the  Entriken  and  Trough  Creek  road. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock. 

iLatitude  40"  17'  40.66' .     Longitude  78   10  14.31".] 


To  station— 


Lytle 

Beavertown 


Azimuth. 


Back  azimath. 


86  55  30. 6 
156  29  07.8 


266  52  10. 0 
386  27  36. 6 


Log.  diRtance. 
Meters. 

3.8846175 
8. 9210568 


BEAVERTOWN,  ON  LINE  BETWEEN   BLAIR  AND  HUNTINGDON  COUNTIES. 

On  the  crest  of  Tussey  Mountain,  al>out  three-fourths  mile  south 
of  i)oint  where  the  Beavertown  and  Marklesburg  pike  crosses  the  sum- 
mit. Outlook  good  in  all  directions  where  trees  are  cut,  except  along 
the  axis  of  the  mountain. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

[Latitude  40"  21  57.51".    Longitude  78"  12  35.31  .] 


To  Btation- 


Lytle 

Rattlesnake 
Duncan  .  . 
Point  View 

Hickfl 

Terrace  (2) 


Azimuth. 


28  13  34. 4 

61  01  14.4 

83  05  00.4 

171  27  30.0 

209  37  46.2 

336  27  36. 6 


Back  azimuth. 


208  11  35.9 
240  52  11.6 
262  59  21.0 
351  26  33.3 
29  39  23. 5 
156  29  07.8 


Log.  distance. 

Meters. 

3.9612280 

4.3552251 

4. 0955332 

4. 1420604 

3.8550653 

3.9210568 


POINT  VIEW,  BLAIR   COUNTY. 

Situated  about  3  miles  west  of  Williamsburg  and  one-half  mile 
north  of  Point  View  railroad  station,  on  the  southern  end  of  a  high 
rocky  ridge  on  the  north  bank  of  the  Frankstown  Branch  of  the 
Juniata  River.     Outlook  good  to  southeast,  southwest,  and  northwest. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock, 
above  which  was  piled  a  cairn  of  rocks  5  feet  liigli. 


74         PRIMARY  TRIANGULATION  AND  PRIMARY  TBAVBBSE.    [bull.  181. 
[Latitude  40'  29'  22.17  '.    Longitude  78'  14*  02.78 ".] 


To 

station— 

Azimath. 

Back  azimath. 

Los- distance. 

Lytle 

O                1               II 

5  55  28.3 
328  11  37.3 
351  26  33.3 

O                1                  II 

185  54  26.3 
143  14  1L6 
171  27  30.0 

MeteT9. 
4.3402766 

Hicks 

3.9709241 

Beavertown 

4.1420604 

LYTLE,    BLAIR,    AND   HUNTINGDON  COUNTIES. 

Situated  on  a  high,  rocky,  timbered  ridge  on  Tussey  Mountain,  about 
one-half  mile  soutli  of  point  at  which  the  Martinsburg  and  Cove  Creek 
pike  crosses  the  mountain.  Outlook  good  where  trees  have  l>een  cut 
away  except  directly  along  the  axis  of  mountain. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

[Latitude  40^  17'  36.21".     Longitude  78   15'  38.44".] 


To  station- 


Rattlesnake 
Duncan    . 
Point  View 
Beavertown 
Terrace  (2) 


Azimuth. 

Back  azimath. 

Log.  diRtam*e. 

o               ,              „ 

O                1               II 

Meierz. 

79  17  50.6 

259  10  46.7 

4. 1977839 

129  09  18.8 

309  05  38.2 

4.0161318 

185  54  26.3 

5  55  28.3 

4.3402766 

208  11  35.9 

28  13  34.4 

3.9612280 

266  52  10.0 

86  55  39. 6 

3. 8846175 

GOVERNMENT,  BEDFORD  COUNTY. 

Oil  public  land,  on  timbered  mountain  about  7  mile^s  northeast  of 
Everett  and  3  miles  east  of  Tatesville,  and  one-half  mile  north  of 
*' Horseshoe"  bend  in  Juniata  River. 

Station  mark:  Lone  hickory  signal  tree. 

[Latitude  40   03  12.55  .     Lonj^itude  78    18'  15.24".] 


To  Btation- 


Azimuth. 


Ray I  0  35  52.3 

Everett 48  48  27.0 

Dunning I  125  25  37.3 

Tussey '  109  55  55.6 

Smith... I  2,S9  13  32.6 


Back  azimath. 

Lo^.  distance. 

o 

Meters. 

180  35  44.6 

4.4363099 

228  43  59.5 

4.1180018 

305  21  47.6 

4.0157449 

349  54  36.0 

4.2230180 

109  19  39.0 

4.1555140 
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RAY,    ON  LINK   BETWEEN  FULTON  AND  BEDFORD   COUNTIES. 

On  liay  Mountain,  about  5  miles  north  of  Pennsylvania-Maryland 
State  line,  and  2  miles  west  of  Amaranth,  Pa.,  on  high  knob  in  cleared 
field. 

Station  mark:  A  stone  post,  42  by  8  by  8  inches,  set  flush  with  sur- 
face of  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  '*IT.  S.  Greological  Survej^-Pennsylvania." 

[Latitude  ao**  48'  27.13".    Longitude  78'  18'  27.22".] 


To  Htation— 

Aidmuth. 

Back  azimuth. 

332  44  03.3 

0  35  52. 3 

31  30  03.8 

(^8  27  08.0 

102  58  51.6 

Log.  distance. 

Everett 

o           /            // 

152  48  22.5 
180  35  44.6 
211  23  50.7 
248  13  43.0 
282  40  20. 4 

Meters. 

4. 3219063 

Ck)vemment 

4.4363099 

Smith 

Pike 

4. 4228184 
4. 5068009 

Cove_ 

4. 3382797 

TUSSEY,  BEDFORD   COUNTY. 

On  mountain  locally  known  by  that  name  about  4  miles  northeast 
of  Loysburg,  on  high  point  of  ridge,  in  scrubby  timber,  with  lines  of 
sight  cut  out  to  other  stations. 

Station  mark:  A  bronze  tablet  marked  "U.  S.  Geologieal  Survey- 
Pennsylvania  "  cemented  in  solid  rock. 

[Latitude  40**  12'  06.01' .    Longitude  78"  20'  18.76 '.1 


To  station- 


Azimuth.        ;  Back  azimuth.  I  LoK.distanco. 


Dunning i      27  52  15.0  ' 

Rattlesnake )  129  14  31.7  | 

Hartman 170  12  18.8 

Duncan 175  06  22.4  I 

Smith 322  09  26.6 

Government |  349  54  36.0 


207  49  44.6 
309  10  29.2 
350  10  39.2 
355  05  43. 2 
142  16  53.0 
169  55  55.6 


I 


yfoters.. 

4. 0T24843 
4.0r)89373 
4.3294423 
4.2251748 
4. 4280288 
4.2230180 


BRUSH  MOUNTAIN,  BLAIR  COUNTY. 

Situated  about  5  miles  nearly  north  from  Ilollidaysburg  on  \\w  \\'\\r\u 
est  part  of  the  southern  end  of  Brush  Mountain.  Siglit  Iin<\s  (Hit 
through  timber  toward  other  stations. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  large 
rock  and  buried  in  the  ground,  above  which  is  a  pile  of  rocks  5  feet 


76         PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVEB8K.    [buluML 
[Latitude  40*"  29'  11.34' .    Longitude  78o  21'  08.93 '.] 


To  station— 

Azimuth. 

Back  azimuth. 

Loir,  distance. 

Rattlefluake 

•      1      II 
17  29  43.6 
13  02  33.5 
62  43  14.7 
88  07  39.0 
140  20  48.0 

o           /           //■ 

197  26  12.9 

198  01  26. 1 
242  37  01.0 
268  00  09.1 
820  17  22.4 

MtUn, 
4.4076197 

Hartman 

4.0360067 

Foot  of  Plane  Eight 

4. 1841092 

Tunnel  Hill.  

4.2130517 

Wopsononock 

4.0670251 

DUNCAN,  BLAIR  COUNTY. 

Situated  3  miles  northeast  of  Martinsburg  on  the  highest  summit  of 
Locke  or  Loop  Mountain.  The  summit  is  flat  and  long  lines  of  sight 
were  cut  toward  other  stations. 

Station  mark:  A  rough  stone  3  feet  long  set  flush  with  surface  of 
ground  with  a  bronze  triangulation  tablet  cemented  in  its  top. 

[Latitude  40   31  OS.SJi  .     Longitude  78'  21   19.47 '.J 


To  station - 


Dunning . . . 
Rattlesnake 
Hartman. .. 
Lytle  ...,,. 

Tussey 

Beavertown 


Azimuth. 

Back  azimuth. 

0               /              II 

Log.  distanre. 

O                /               II 

Meter», 

8  32  57.6 

188  31  06.2 

4.4891035 

38  04  55.3 

218  01  31.7 

4.0811989 

152  56  07. 1 

332  54  27. 5 

3.6845025 

309  05  38.2 

129  09  18. 8 

4.0161348 

355  05  43.2 

175  06  22.4 

4.2251748 

262  59  21.0 

83  05  00. 4 

4.0955333 

HARTMAN,  BLAIR  COUNTY. 

Situated  on  that  part  of  Locke  or  Loop  Mountain  locally  known  as 
Ilartuians  Lookout.  It  is  just  north  of  Dry  Gap  and  a]x>ut  3  miles 
east  of  Hollidaysburg.  Outlook  good  in  all  directions  except  north- 
oast. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  vock. 

[Latitude  40^  23  28.18".     Longitude  78'  22'  52.88  ".] 


T(»  Htation  - 


Rattlesnake 

Foot  of  Plane  Eight 

Wopsononock 

Altoona.   . 

Brush  Mountain 

Duncan 


20  45  l:i.  1 
107  49  10.7 
165  39  47.0 
176  59  30.4 
193  01  26. 1 
332  54  27.5 
TuBsey •     350  10  39.2 


Azimnth.       I  Back  azimuth.     I^og.  distanre. 


200  42  49.8 
287  44  04.6 
345  37  29.0 
356  59  14.0 
13  02  33. 5 
152  56  07. 1 
170  12  18.8 


Meters. 

4. 1689721 
4.0678265 
4.3052551 
4.1888990 
4.0360067 
3.6845025 
4.82944S8 
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ALTOONA,  BLAIR  COUNTY. 

An  astroiiomie  station  of  the  United  States  Coa8t  and  Geodetic  Sur- 
vey situated  on  a  low  hill  about  one-eighth  mile  east  of  Juniata  Sta- 
tion on  the  Pittsburg,  Johnstown,  Ebensburg  and  Eastern  Railway,  on 
land  owned  by  the  Pennsylvania  Railroad  Company,  within  the  city 
limits  of  Altoona. 

Station  mark:  A  block  of  sandstone  5  feet  long,  34  inches  wide, 
and  20  inches  thick,  standing  30  inches  above  ground  and  resting  on  a 
concrete  bed  16  inches  thick.  In  the  top  is  a  copper  bolt  3^^  inches 
long  and  1  inch  in  diameter. 

[Latitude  40**  31'  47.24".    Longitude  78"  23'  23.88 '.] 

DUNNING,  BEDFORD   COUNTY. 

On  mountain  locally  known  by  that  name,  about  10  miles  north  of 
Mount  Dallas  and  4  miles  south  of  New  Enterprise,  on  timbered  land 
owned  by  William  Over. 

Station  mark:  A  bronze  tablet,  marked  ''b.  S.  Ueological  Survey — 
Pennsylvania,"  cemented  in  solid  rock. 

[Latitude  40^  OC  27.28".    Longitude  78    24'  11.99'.] 


To  station- 


Rattlesnake  . 
Duncan     . .  - 

Tussey 

€K>yemment 
£yerett 


Azimath. 


169  14  46.9 
188  31  06.2 
297  49  44.6 
305  21  47. 6 
5  29  26.9 


Back  azimuth. 


349  13  15.1 

8  32  57.6 

27  52  15.0 

125  25  37.3 

185  28  48.7 


Ltog.  distance. 

Meters. 

4.2553913 

4.4391035 

4.0724843 

4.0157449 

4. 1679624 


EVERETT,  BEDFORD  COUNTY. 

On  high  summit  of  Tussey  Mountain,  about  3  miles  south  of 
Everett. 

Station  mark:  A  bronze  tablet,  marked  *'U.  S.  Geological  Survey — 
Pennsylvania,"  cemented  in  solid  rock. 

[Latitude  39**  58'  82.14".    Longitude  78"  25'  11.35".] 


To  station— 


Ihuming 

Government 
Smith 

R«y 


Azimuth. 


186  28  48. 7 
228  43  59.5 
260  22  54.7 
332  44  03.3 


Back  azimuth. 


5  29  26. 9 

48  48  27.0 

80  33  28. 2 

152  48  22.5 


I 


Lof?.  distance. 


Meters. 
4. 1679624 
4.1180018 
4.3749415 
4.3219063 


78         PBIMARY  TBIANGULATION  AND  PRIMABY  TRAVERSE.    inviA^m. 
WOPSONONOCK,   BLAIR  COUNTY. 

Situated  about  5  miles  west  of  noi-ih  of  Altoona  on  the  end  of  a 
salient  of  the' Allegheny  Mountains,  reached  by  a  railroad  from  Juniata. 

Station  mark:  Center  of  a  building  known  as  the  Pavilion  or  Look- 
out.    No  permanent  mark. 

[Latitude  40'  84'  02.48".    Longitude  78^  26'  25.47".] 


To  station- 

Azimath. 

Lof(.  distance. 

Rattlesnake 

Foot  of  Plane  Eight 

Tunnel  Hill  

o            /                ff 

0  21  11.8 
20  56  00. 5 
42  56  58.4 
60  08  56.0 
99  51  29.9 
820  17  22.4 
345  87  29.0 

•      1       ft 
180  21  05.7 
200  58  12.0 
222  52  53.8 
248  52  50.5 
279  41  00.9 
140  20  48.0 
165  39  47.0 

Meten. 

4.5288043 

4.2335884 

4.1144504 

Bbensburg- 

4.4120416 

CarroUtown 

Brush  Moant'iin -. .     

Hartman  

4.3681044 
4.0670251 
4.3052551 

RATTLESNAKE,    ON    LINE    BETWEEN    BEDFORD   AND    BLAIR   COUNTIES. 

On  high  rocky  point  on  Dunning  Mountain,  about  one-half  mile 
east  of  Claysburg  and  2  miles  south  of  Ore  Hill ;  one-half  mile  south 
of  road  from  Ore  Hill  to  Claysburg. 

Station  mark:  A  bronze  tablet,  marked  *'U.  S.  Geological  Survey- 
Pennsylvania,"  cemented  in  solid  rock. 

[Latitude  40    16  00.75  '.     Longitude  78^  26'  84.17  ".] 


To  station- 


Azimuth. 


Foot  of  Plane  Eight 161  13 

Wopsononock    .       .    180  21 

BrUvSh  Mountain 197  1^6 

Hartman  ...   .."  200  42 

Duncan 218  01 

Beavertown  ...  240  52 

Lytlo '  259  10 

Tussey _ 309  10 


Dunnini* 


349  13 


12.7 
05.7 
12.9 
49.8 
31.7 
11.6 
40.7 
29. 2 
15.1 


Jac^k  azimuth. 

Logr-  distanoo. 

O                /                      !• 

Meter*. 

841  09  30.3 

4. 2636.520 

360  21  11.3 

4.5233043 

17  29  43.6 

4. 4076197 

20  45  13. 1 

4. 1689721 

38  04  55.3 

4.0811989 

61  01  14.4 

4.3552251 

79  17  50.6 

4. 1977839 

129  14  31.7 

4. 0589373 

169  14  46.9 

4. 2553913 

FOOT  OF  PLANE  EUiHT,  BLAIR  COUNTY. 

Sitiiat(Ml  about  S  miles  soulli  of  west  from  Hollidayslmrg,  on  the 
nortli  ond  of  a  wooded  moiintain  locally  known  as  "Foot of  8."  Out- 
look to  west  not  good. 
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Station  mark:  A  bronze  triangulation  tablet  set  in  foot  of  signal 
tree. 

[Latitude  40**  25'  23.90".    Longitude  78"  30'  44.98".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Tunnel  Hill 

O               f               If 

156  54  52.0 
200  53  12.0 
242  37  01.0 
287  44  04.6 
341  09  30.3 

o           /           // 

336  53  36. 1 

20  56  00.5 

62  43  14.7 

107  49  10.7 

161  12  12.7 

Meten. 
3. 8467742 

Wopsononock 

4. 2335884 

Brush  Mountain 

4. 1841092 

Hartman .               . .  :* 

4. 0678265 

Rattlesnake 

4.2636520 

TUNNEL  HILL,  CAMBRIA  COUNTY. 

Situated  on  the  highest  point  of  Tunnel  Hill,  in  Tunnel  Hill  Borough, 
^-mile  from  Gallitzen  railroad  station. 

Station  mark:  A  stone  post  40  by  6  by  G  inches,  set  36  inclies  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion tablet. 

[Latitude  40"  28'  53.46' .    Longitude  78^  32'  41.96".] 


To  station— 


Ebensburg , 

Thomas  Ridge  . . 

Carrolltown 

Wopsononock 

Brush  Mountain 


Azimuth. 


91  03  21.1 
111  12  17.8 
134  07  14. 1 
222  52  53.8 
268  00  09. 1 


Foot  of  Plane  Eight I     :^6  53  36.1 


Back  azimuth.  ;  Log.  diHtance. 


270  56  20.7 
291  03  58. 1 
314  00  50.3 
42  56  58. 4 
88  07  39. 0 
156  54  52. 0 


Meiers. 

4. 1834198 

4.2881836 

4.2863416 

4.1144504 

4.2130517 

3.8467742 


CARROLLTOWN,  CAMBRIA  COUNTY. 

(Not  occupied.) 

Spire  of  Catholic  Church  in  Carrolltown. 
Station  mark :  Center  of  spire. 

[Latitude  40"  36'  09.43  ".     Longitude  78'  42'  32.31 ".] 


To  station— 


Ebensburg . . . 
Wopsononock 
Tunnel  Hill.. 


Azimuth. 


Back  azlmut}).     Log.  distance. 


5  50  15.0 
279  41  00.9 
314  00  50.3 


185  49  38.4 

99  51  29. 9 

134  07  14.1 


Meiers. 
4. 1222362 
4.3031044 
4.2803416 


80         PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 
BBENSBURU,  CAMBRIA   COUNTY. 

Center  of  cupola  of  court-house  iu  Ebei^nbui^. 
Station  mark :  Center  of  cupola. 

[Latitude  40"^  29'  02.07".     Longitude  78"  43'  29.55".] 


To  station- 


Thomas  Ridge 
Carrolltown  .. 
Wopsononock. 
Tunnel  Hill . . . 


Azimuth. 

Back  azimuth. 

Log.  distance. 

O                 1                  II 

.       1       ,1 

MeUr*. 

156  58  16.9 

336  56  57.9 

3.8644881 

185  49  38.4 

5  50  15. 6 

4.1223368 

248  52  50.5 

69  03  56.0 

4.4120416 

270  56  20.7 

91  03  21.1 

4.1834198 

M'COY,  INDIANA  COUNTY. 

About  1  mile  southeast  of  Taylorville  post-office,  on  a  bare  round- 
top  hill  owned  by  James  McCoy. 

Station  mark :  A  stone  i)Ost  42  by  6  by  6  inches,  set  38  inches  in  the 
ground,  in  the  center  of  top .  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40'  41'  59.77  ".     Longitude  78"  58'  08.22".] 


To  station- 

Azimuth. 

Back  azimuth. 

212  50  44.6 
248  38  22.5 
272  30  14.2 
309  51  01.2 
356  51  59. 4 
177  24  09.6 

Log.  distance. 

Strong  . 

Coleman 

o              /             // 

32  54  04. 0 

68  46  47.2 

92  39  25. 9 

129  59  46.3 

176  52  15.4 

357  23  52. 1 

MeUn. 
4. 1223126 
4.2905687 

Kunkle    

4.2983645 

Rowland 

Palmer 

Nolo. 

4.3907798 
4.0225275 
4.1440697 

PALMER,  INDIANA   (M)UNTY. 

About  2|  miles  south  of  Rochester  Mills  post-office,  in  Grant  Town- 
ship, on  a  very  high  partly  cleared  ridge,  on  land  owned  by  Mr.  Palmer. 

Station  mark :  A  stone  post  36  by  G  by  0  inches,  set  33  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Stones  set  1  foot  below  surface  of  ground  with 
cross  on  top,  in  line  with  stations  Rowland  and  McCoy;  distant  10 
feet  from  station. 
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To  station— 

Azimnth. 

Back  azimnth. 

Log.  distance. 

Kunkle 

Rowland              ..     .-          ... 

0              1              tt 

68  32  10.0 
106  08  44.8 
356  51  50. 4 

0          »          n 

243  28  23.7 
286  00  15.2 
176  52  15.4 

4.3881827 
4.2700848 

M<?(/oy       ,      . .  r .  -. 

4.0235275 

NOLO,  INDIANA   COUNTY. 

About  one-fourth  mile  north  of  Nolo  post-office,  on  land  owned  by 
Mr.  McCaffery,  on  high  ground,  but  not  the  highest  point. 

Station  mark :  A  stone  post  42  by  6  by  fJ  inches,  set  38  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  b-onze  tablet 
marked  "U.  S.  Greological  Survey — Pennsylvania." 

Reference  marks :  Stones  set  1  foot  below  surface  of  grouna  with 
cross  on  top,  and  set  on  line  with  Evans  and  McCoy ;  distant  10  feet 
from  station. 

[Latitude  40**  34'  28.50  ".    Longitude  78"  57'  41.33  ".] 


To  station— 


Evans  . 
Warner 
Strong  - 
McCoy. 


Azimuth. 


87  28  07.0 

00  44  21.0 

100  37  38.4 

177  24  09. 6 


Back  azimuth.     Log.  distance. 


267  23  18.4 

279  34  16.2 

280  34  01.7 
357  23  52. 1 


4.0203741 
4.3458154 
3. 9198276 
4.1440697 


STRONG,  INDIANA   COUNTY. 

In  Cherry  Hill  Township,  about  2  miles  soutliwest  of  Grt^enville 
village,  on  the  highest  hill  in  the  immediate  vicinity,  on  land  owned 
by  H.  B.  Strong.     There  is  a  lone  tree  on  the  southwest  part  of  hill. 

Station  mark:  A  stone  post  36  by  6  by  G  inches,  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Greological  Survey — Pennsylvania." 

[Latitude  40**  35'  58.92".     Longitude  79°  03  14.39  '.] 


To  station— 


Warner 

Coleman 

Kunkle 

McCoy 

Nolo 

Bull.  181—01- 


Azimuth. 

Back  azimnth. 

L( 

93  50  53.6 

O          /           n 

273  44  25.4 

110  12  12.0 

290  07  07. 2 

133  32  00. 8 

313  26  09.2  ' 

212  50  44.6 

32  54  04.0  1 

289  34  01.7 

109  37  38.4 

Meiers, 

4.1478120 
4. 0691774 
4. 2424222 
4. 1223126 
3. 9198276 
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EVANS,   INDIANA   ("OUNTY. 

In  Brush  Valley  Township,  on  land  owned  by  John  Evans,  on  high- 
est part  of  hill  cleared  of  timber  with  the  exception  of  two  small 
chestnut  trees. 

Station  mark :  A  stone  post  36  by  8  by  8  inches,  set  33  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U:  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  34'  13.27' .     Longitude  70*  05  06.48 ".] 


To  station- 


Widow 

Watt     

Warner . 

Indiana  Norma!  School  Cupola 

Coleman —    

Nolo 


INDIANA   NORMAL   SCHOOL,  INDIANA   COUNTY. 

(Not  occupied.) 
Station  mark:  Chipola  of  Normal  Sc'hool  lUiilding. 

[Latitude  40   37  02.69  .     Longitude  79   09  31.86".] 


Azimnth. 

Back  azimuth. 

Log.  distance 

o 

o 

Meten. 

26  48  12. 1 

206  45  05.2 

4. 1773173 

101  41  54.2 

281  34  19.5 

4.2248181 

110  18  57.3 

290  08  42. 1 

4.0841382 

129  57  46.9 

309  54  54.2 

3.9106425 

131  06  21.9 

311  03  SO.O 

4.0457724 

267  23  18.4 

87  28  07.9 

4.0203741 

To  station- 

Azimuth. 

i 

.J       78  37  54.9 
.J     309  54  54.2 

Back  azimuth. 

Log.  distaDCG. 

Warner . . 
Evans 

258  35  32.4 
129  57  46.9 

Meters. 

3.7203033 

3.9106425 

WIDOW,  INDIANA    COUNTY. 

In  Black  Lick  Township,  about  0  miles  east  of  Blairsville,  on  the 
Blairsville  and  Ebensburg  pike.  It  is  on  a  bare  hill  about  20  rods 
south  of  the  road,  on  land  owned  by  tlie  heirs  of  J.  W.  Thompson. 

Station  mark:  A  stone  post  48  by  6  by  (>  inches,  set  44  inches  in  the 
ground,  in  the  center  of  top  of  whicli  is  cemented  a  bronze  tablet 
nmrked  ''  11.  S.  Geological  Survey — PcMinsylvania." 


WILSON  ET  AL.]  PENNSYLVANIA. 

[Latitude  40^  36'  57.89' .     Longitnde  79"  09'  54.27". 
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To  station— 


Jellison 69  46  07.1 

Kelly ....  93  39  09.9 

Tabernacle 113  29  15.9 

Watt .  150  07  07.1 

Warner ;  165  18  07.7 

Evans 206  45  05.2 


Azimuth.  Back  azimath. 

I 


Loff.  distance. 


249  39  35.6 
273  35  33.0  | 
293  21  31.4  ; 
330  02  40.0  , 
345  15  60.0  ! 
26  48  12. 1 


Meters. 

4. 1810596 

3.8972129 

4.2639820 

4.2877768 

4.2604466 

4. 1773178 


V    COLEMAN,  INDIANA   COUNTY. 

In  White  Township,  about  2  miles  west  of  Indiana,  on  land  owned 
by  D.  Coleman. 

St^ition  mark :  A  stone  post  42  by  6  by  6  inches,  set  38  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Stone  sunk  2  feet  below  the  surface  of  ground  m 
direction  of  Kunkle  station ;  distant  10.2  feet  to  cross  on  stone.  Stone 
sunk  18  inches  below  surface  of  ground  in  direction  of  Warner  sta- 
ti(m;  distant  12.3  feet  to  cross  on  stone. 

[Latitude  40   38  09.95  .     Longitnde  79    U  02.71  .J 


To  station- 


Warner  . . . 

Watt 

Broadview 
Kunkle  . . . 
McCoy... 

Strong 

EvauB 


Azimuth. 

44  04  52. 9 
64  05  54.9 
122  32  38.9 
168  08  51.4 
248  38  22. 5 
290  07  07. 2 
311  02  30.0 


Baclc  azimuth. 

224  03  29. 4 
244  02  11.8 
302  28  27.8 
348  08  04. 9 
68  46  47,2 
110  12  12.0 
131  06  21.9 


"Log.  distance. 

Meters. 
3. 6865727 
3.9520747 
4.0307069 
3.9115917 
4.2905687 
4. 0691774 
4.0457724 


ROWLAND,    INDIANA   COUNTY. 

On  a  high  hill  on  land  owned  by  W.  S.  Rowland.  About  4  miles 
north  of  Plumville,  in  North  Mahoning  Township,  and  near  the  line 
between  North  and  South  Mahoning  Townships. 

St^ition  mark:  A  stone  post  40  by  G  by  0  inches,  set  3f)  inches  in  the 
gi'ound,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 


84         PBIMABY  TRIANOULATION  AND  PBIMABT  TBAVSBSX.    [TOi-ulfflL 
[Latitude  aO**  50'  81.89".    Longitude  79**  11'  32.36 ".] 


J 


Tostatioii— 

Asimath. 

Backasimuth. 

Log:,  distance. 

Kiinkle -^... 

Graham 

8  45  50.8 

67  20  45.1 

117  12  06.0 

286  00  15.2 

809  51  01.2 

o              /            // 

188  45  28.0 
247  12  08.4 
297  06  56.5 
106  08  44.8 
129  59  46.8 

Meten. 
4.1787851 

Clever 

4.0951985 

Palmer 

4.2790848 

McCoy.. 

4.3907798 

KUNKLE,   INDIANA  COUNTY. 


On  land  owned  by  Philip  Kunkle;  about  3  miles  north  of  Creek- 
side  post-office,  near  western  end  of  a  high  ridge  having  scattering 
trees  on  the  eastern  end. 

Station  mark :  A  stone  post  42  by  6  by  6  inches,  set  36  inches  in  the 
ground  on  solid  rock,  in  the  center  of  top  of  which  is  cemented  a 
bronze  tablet  marked  '*  U.  S.  Greological  Survey — Pennsylvania." 

[Latitude  40°  42'  28.78".    Longitude  79"  12'  14.09  ".J 


To  station — 


Warner  . . 
Broadview 
Graham . . . 
Rowland . . 

Palmer 

McCoy 

Strong  .  - . 
Coleman  .. 


Azimuth. 


Back  azimuth. 


6  51  34. 4 
73  17  40.3 
111  43  17.4 
183  45  23.0 
243  23  23.7 
272  30  14.2 
313  26  09.2 
348  08  04.9 


186  50  57.4 

253  14  15.6 

291  85  08. 6 

3  45  50.3 

63  82  19.9 

92  39  25. 9 

133  32  00.8 

168  08  51.4 


Log:,  distance. 


MeterM. 

4.0482704 

3.8862700 

4.  2810749 

4. 1737851 

4.3331827 

4.2983645 

4.2424222 

3.9115917 


m'naughton,  clarion  county. 

On  a  bare,  round  knob,  about  2^  miles  southeast  of  Fisher  post- 
office,  in  Mill  Creek  Township,  on  land  belonging  to  David  Mc- 
Naughtoii. 

Station  mark :  A  sandstone  post  36  by  9  by  9  inches,  set  32  inches 
in  the  ground,  0  feet  north  of  an  east  and  west  fence  line,  and  in  the 
center  of  top  of  post  is  cemented  a  bronze  tablet,  marked  **U.  S.  Geo- 
logical Survey — Pennsylvania. " 

Ref(^reiic(»  marks:  A  chestnut  tree  8  inches  diamet^er,  S.  84**  W.,  59^ 
feet  distant.  A  chestnut  tree  8  inches  diamet-er,  S.  13°  30'  E.,  28^  feet 
distant.  A  chestnut  tree  8  inches  diameter,  S.  35°  30'  W.,  51  feet 
distant  (magnetic  bearings). 


wiMOH  »r  Ai^l  PENNSYLVANTA. 

[Latitude  41°  14'  47.47".     Longitude  79"  13   01.19'.] 
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To  station— 


Clever  . . 
Myers  . . 
Groce.,. 
Beels  ... 
Weaver 


-t 


Asimath. 

12  54  49.4 
49  18  40.4 
76  19  09.7 
91  26  38.6 
118  24  03.6 


Back  azimuth. 


192  50  37.0 
229  08  24. 6 
256  10  22.7 
271  09  39.4 
298  15  38. 3 


Log.  distance 


4.6047255 
4.4594577 
4.2827486 
4.556327(^ 
4.3062598 


WARNER,  INDIANA  COUNTY. 


Alx)iit  3  miles  southwest  of  Indiana,  in  White  Township,  on  the 
highest  part  of  a  bare,  round-top  hill,  on  land  owned  by  Mr.  Warner. 

Station  mark:  A  stone  i)ost  40  by  6  by  6  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bn^nze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40    36'  29.07".     Longitude  79^  13'  10.50".] 


To  station— 


Tabemacl  e 

Watt - 

Broadview 

Kimkle 

Coleman 

Indiana  Normal  School  cupola . 

Strong 

Kolo 

Evans 

Widow 


Azimuth.        i  Back  azimuth.     Log.  distance. 


49  50  22.8 
80  57  13.6 
145  47  32.6 
186  50  57.4 
224  03  29. 4 
258  35  32. 4 
273  44  25.4 
279  34  16. 2 
290  08  42. 1 
345  15  60.0 


229 

260 

325 

6 

44 

78 

93 

99 

110 

165 


44  45.4 
54  54.0 
44  45. 1 
51  34.4 
04  52.9 
37  54.9 
50  53.6 
44  21.0 
13  57.3 
18  07. 7 


Meters. 

4.2036595 
3. 7080738 
4.0310144 
4.0482704 
3.6365727 
3. 7203033 
4. 1478120 
4.3458154 
4.0841382 
4.2604466 


HILLSIDE,  NORTH   BASE,  WESTMORELAND   COUNTY. 

On  prolongation  of  Hillside  tangent  of  Pennsylvania  Railroad,  in 
field  owned  by  John  Bridges,  about  one-third  mile  south  of  Gray  rail- 
road station. 

Theodolite  elevated  15  feet. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  *'U.  S.  (reological  Survey — Pennsylvania." 

Reference  marks:  Iron  bench-mark  post  set  at  v'v^ht  angles  to  tan- 
gent, on  fence  line,  7.56  feet  distant  from  center  of  station  mark. 
Iron  bench-mark  post  eastward  from  station  and  at  right  angles  to 
tangent,  31.2  feet  distant  from  center  of  station  mark. 
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[Latitude  40   33'  27.97 '.    Longitude  79'^  14'  82.56".] 


To  station- 


Azimuth. 


Back  azimQth.    Log.  distanoe. 


South  Base 

Jellison 

Kelly  (observed  azimuth) 


36  34  11.5  ;     216  88  08.0 


99  01  21.3 
109  17  18.1 


I 


278  57  50.4 
349  16  41.8 


Meters. 
3.5894711 
8.8904408 
3.a5110'»6 


KELLY,  INDIANA    COUNTY. 

About  1^  miles  north  of  Hlairsville,  in  a  ciiltivat^^d  field  ownoil  by 
Jaipes  Kelly,  6  feet  north  of  fence  running  east  and  west.  A  few 
small  scattering  trees  near  summit  of  hill. 

Station  mark :  A  stone  post  40  by  8  bj'  8  Indies,  set  37  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemeiite<l  a  bronze  tablet 
marke<l  "11.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  27  14.06  .     Longitude  79   15'  28.54".] 


To  Htation- 


Jellison 

Marshall. 

Tabernacle  _ 

Widow    

Hillside,  North  base 


Azimuth. 

47  49  30.9 

92  25  17.0 

127  10  55.2 

273  35  33.0 

349  16  41.8 


'   Back  azimnth.     Lok-  distance. 


227  46  36. 1 
272  19  08.7 
307  06  47.7 
9:{  39  09.9 
169  17  18.1 


Metert, 
3.9331709 
4.  ISoT^A 
4.05Hi6S(; 

3.8y72r:9 

3.«5U0Jti 


I 


HILLSIDE,  SOUTH    BASE,  WESTMORELAND    (KK'NTY. 

On  a  level  railroad  dump  in  iield  owned  by  George  Pii>er,  throe- 
fouilhs  mile  southward  from  Hillside  railroad  station,  KJ  feet  west- 
ward from  fence. 

Theodolite  elevated  "26  feet. 

Station  nmrk:  A  sandstone  ])<)st  40  by  s  by  8  inches,  set  37  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''IT.  S.  Geoloj^ical  Survey — Pennsylvania." 

Refei^ence  marks:  Iron  bench-mark  post  set  at  right  angles  to  tan- 
gent near  fence,  14.97  f(»et  from  center  of  station  mark.  Iron  Iwnch- 
mark  post  eastward  from  railroad  track,  just  inside  of  fence  on  bank, 
109.17  feet  from  center  of  station  nuirk. 

[Latitude  40    21   46.7H  .     Longitu«le  79    16  10.68 ".] 


To  station — 


Jellison I     128  58  47.4 

Hillside,  North  base 210  33  08.0 

I 


Back  azimuth. 

hog.  distance 

o           .            n 

Meier*. 

308  56  20. 1 

3.8385728 

36  34  11.5 

3.5894711 

WILSON  IT  AI«] 


/ 


PENNSYLVANIA. 
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WATT,  INDIANA   COUNTY. 


About  1  mile  southwest  of  Tannery  post-office  and  1 J  miles  north- 
east of  Parkwood  post-office,  on  the  highest  point  of  the  western  one 
of  two  hills  about  the  same  height  and  1  mile  %part.  The  land  is 
owned  by  Thomas  Watt. 

Station  mark:  A  stone  post  42  by  8  by  8  inches,  set  'M)  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  ta^blet 
marked  '*U.  S.  (ieological  Survey — Pennsylvania." 

[Latitude  40"  36  02.99' .     Longitude  79^  16'  45.32".] 


To  BtatioD— 


Jellison 

Tabernacle 

Hood 

Broadview . 
Coleman . . . 

Warner 

Evans 

Widow 


Azimuth. 


11  37  51.5 


m  59  57. 4  ! 

74  32  44.3  j 
174  05  29.2 
244  02  11.8  ' 
260  54  54.0  \ 
281  34  19.5 
330  02  40.0  i 


Back  azimuth. 

o 

Meters. 

191  35  46.3 

4. 3528660 

216  56  39. 4 

4.0758263 

254  28  24.0 

3.9896421 

354  05  01.4 

3.9883854 

64  05  54.9 

3.9520747 

80  57  13.6 

3.7080738 

101  41  54.2 

4. 2248181 

150  07  07. 1 

4.2877768 

BROADVIEW,  INDIANA   COUNTY. 

Alx)nt  3^  miles  north  ot*  Shelocta  and  a  few  rods  east  of  the 
Armstrong-Indiana  County  line,  on  a  high,  bare  hill,  with  some  tim- 
ber on  the  southwest  slope.     The  land  is  owned  by  John  Russell. 

Station  mark:  A  stone  ix)st  42  by  8  by  8  inches,  set  38  inches  in  the 
^n^un<l,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  41'  16.95' .     Longitude  79^*  17'  28.00".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

„        . 

o             / 

Meters. 

Tabernacle  

17  47  44. 1 
131  45  43. 1 
173  07  19.6 

197  44  53.7 
311  40  54.2 
353  06  02. 8 

4.3044854 

Graham 

4.1436489 

Clever 

4.3608128 

Knnkle 

253  14  15.6 

73  17  40.3 

3.8862700 

Coleman 

302  28  27. 8 

122  32  38. 9 

4.0307069 

Warner 

325  44  45. 1 

145  47  32.6 

4.0310144' 

Watt     

354  05  01.4 

174  05  29. 2 

3.9883854 
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CLEVER,  ARMSTRONG  COUNTY.       ' 

On  a  high,  cultivated  ridge,  with  scattering  dead  trees,  in  Wayne 
Township,  about  1  mile  west  of  Belknap  and  1  mile  east  of  Snyders- 
ville  (Muff  post-office).     The  land  l)elongs  to  G.  H.  Clever,  of  Belknap. 

Station  mark:  A  sandstone  post  39  by  8  by  8  inches,  set  27  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  '*U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Live  chestnut  ti-ee,  magnetic  bearing  S.,  84°  E., 
45^  feet  distant.  Dead  chestnut  tree,  N.  4°  E.,  121  feet  distant. 
Fence  on  line  l>etween  properties  of  G.  II.  Clever  and  Jei*emiah  Bow- 
ser boat's  due  soutli,  3  feet  distant. 

[Latitude  40°  53  35.63".    Longitude  79"  19'  25.41 ".] 


To  station— 


Graham  

Leister 

Templeton . . 
Reynolds  ... 

McCall 

Myers.  

HcNaughton 

Rowland 

Broadview . . 


Azimuth. 


29  26 
65  59 
98  16 
120  59 
130  01 
147  47 
192  50 
297  06 
358  06 


30.0 
54.4 
57.6 
58.2 
44.6 
30.2 
37.0 
56.5 
02.8 


Back  azimuth.     LiOf^.  difttance. 


209  22  57.3 
245  48  30. 3 
273  06  31.1 
300  50  42. 0 
309  51  31.4 
327  41  28. 6 
12  54  49.4 
117  12  06.0 
173  07  19.6 


Mrtert. 

4.1909592 

4.4288814 

4.a508735 

4.8643865 

4.4550873 

4.3829142 

4.6047255 

4.0951985 

4.3608138 


JELLISON,  WESTMORELAND   COUNTY. 

On  a  bare  sharp  hill  near  Salem  Church,  5  miles  southwest  of  Blairs- 
ville.  Land  is  owned  by  Mr.  Jellison,  who  lives  on  the  north  side  of 
hill. 

Station  mark:  A  sandstone  post  36  by  8  by  8  inches,  set  30  inches 
in  the  i^round,  in  the  center  of  top  of  which  is  cement-ed  a  bronze  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  24'  07.85  .     Longitude  79"  19'  57.99".] 


To  station- 


Harmon 4S  24  46.9 

Marshall l.'K)  53  2*2.4 

Tal)eriiacle     IfW  10  21.9 

Watt 191  an  40.3 

Kelly \  227  40  :i6. 1 

Widow ..'  249  39  .'J5.6 


Azimatli. 


Hillside.  North  base 
Hillside.  South  hase 


2:k  57  50.4 
:ms  .-)«  20. 1 


Back  azimuth. 

Lofl 

/. 

228  20  39.6 

310  50  01.2 

34S  09  09.5 

11  37  51.5 

47  49  30. 9 

69  46  07. 1 

99  01  21.3 

128  58  47.4 

LfOf;.  distauce. 


Meter  H. 

4.0811381 

3. 9852846 

4.1083487 

4.3528600 

3.9331709 

4. 1810596 

3.8904408 

8.a3a5738 
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TABERNACLE,  INDIANA   COUNTY. 


About  one-half  mile  east  of  Clarksbui'g  post-office  and  about  6  miles 
by  road  north  of  Saltsburg,  on  the  hig^hest  part  of  a  bar0  cultivated 
round-top  hill  owned  by  the  heirs  of  S.  W.  Coleman. 

Station  mark :  A  stone  post  40  by  6  by  6  inches,  set  36  inches  in  the 
{rix)und,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  30'  54.57  ".     Longitude  79   21'  49.71  .] 


Tf)  station- 

Azimuth. 

_ 

36  51  54.8 
161  56  25.3 
197  44  53.  7 
216  56  39.4 
229  44  45. 4 
293  21  31.4 
307  06  47.7 
348  09  09.5 

Back  azimuth. 

216  49  45. 4 

341  55  23.0 

17  47  44.1 

36  59  57.4 

49  50  22.8 

113  29  15.9 

127  10  55.2 

168  10  21.9 

Log.  distance. 

Marshall 

Meters. 
3. 8917275 

Hood 

3. 8611618 

Broadview 

4.3044854 

Watt 

Warner 

Widow 

KeUy     _ 

4.0758263 
4. 2036595 
4.2639820 
4.0516686 

Jellison 

4. 1083487 

LUCINDA   CATHOLIC   CHUKCH,  CLARION   COITNTY. 

(Not  occupied.) 

Station  mark :  Spire  of  church  near  Lucinda  station,  on  Pittsburg 
and  Western  Railway. 

[Latitude  41    18'  41.71  ".     Longitude  79"  21'  58.24".] 


To  station— 


Azimath. 

Back  azimuth. 

Log.  distance. 

O                  '               II 

0                /                /' 

Meters. 

19  40  05. 2 

199  35  42.8 

4. 4416060 

74  49  35. 5 

254  38  29.9 

4.3862458 

m  59  02. 7 

120  04  57.4 

4. 1594736 

Myers 

Beels 

McNanghton 299  59  02 

CLARION   COURT-HOUSE,  CLARION   COUNTY. 

(Not  occupied.) 
station  mark :  Center  of  tower. 

[Latitude  41    12'  55.22".     Longitude  79"  28'  11.60".] 


To  station— 


Myers 
Beels  . 


Azimuth. 

26  19  26.3 
101   12  14.0 


Back  azimuth. 

206  15  52.3 
281  01  57.4 


Log.  (liHtance. 


Meters. 

4.2335056 
4. 3464047 
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HOOD,  INDIANA   CH>UNTY. 

Ill  ( 'OiieiiiHugh  TowiiHhip,  about  1  mile  nortli  of  Elders  Ridge  post- 
office,  on  the  highest  point  of  a  bare  round-top  hill  owned  by  Calvin 
Flood. 

Station  mark:  A  stone  i)ost  28  by  8  by  8  inches,  set  24 inches  in  the 
ground,  resting  on  solid  ro<^k;  in  the  center  of  top  of  which  is  cemented 
a  bmnze  tal)h>t  nmrktMl  ''U.  S.  (lU^ologicHl  Survey — Pennsylvania." 

[Latitude  40   34  88.44'  .     Longitude  70'  28'  35.45 '.] 


To  Htation 


Azimuth. 


Backasimnth.  ,  Log.  di8taiic*e. 


Marshall _ |  10  26  05.9 

Steel. - ;  47  52  51.9 

Hilty ...J  64  10  05.2 

Watt        . J  254  28  24.0 

Tal)ernacle 341  55  2.S.  0 


r 


190  24  59.2 
227  47  34.0 
244  04  81.3 
74  32  44.2 
161  .56  25.8 


I 


Meterg. 

4.1258931 
4. 1918671 
4.1281149 
3.9896421 
8.8611613 


CSRAHAM,  ARMSTRONCi    COUNTY. 

About  1  mile  east  of  Blanket  Hill  post-oflfice,  on  a  bare  ridge  of  cul- 
tivated land  owned  by  the  Graham  heira  and  rented  by  W.  A.  Hlose. 

Station  mark:  A  sandstone  post  3<>  })y  8  by  8  inches,  set  32  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cement.ed  a  bronze  tah- 
h^t  marked  "'V.  S.  Geological  Survey — Penns^'lvania." 

lleference  marks:  Chestnut  tree  24  inches  diameter,  magnetic  bear- 
ing S.  2'.V  W.,  distant  41o  feet.  J)(»a<l  chestnut  tree  18  inches  diame- 
ter, S.  80'   W.,  distant.  257  feet. 

(Latitude  40    4(>   17.2H  .     Longitude  79   24  50.74  ".] 


To  Htution- 


Aziinuth. 


Shrader 7:3  40  24.6 

Leister 98  40  50.3 

Miller 120  00  41.6 

Tenipleton. 135  00  42.7 

Reynolds. 154  IS  20.5 

Clever 200  22  57.3 

Rowland ..     \  247  12  03.4 

Kunkle ..   .J  29135  03.6 

Broadview    I  311  40  54.2 


Back  azimuth. 

I^g.distanco. 

o            ,            w 

Meters. 

25:^  39  11.0 

4.3613318 

278  33  05.5 

4.23283:.>0 

299  55  18.5 

4. 1263694 

314  53  49. 7 

4.  :]203059 

334  12  37.9 

4. 4504542 

29  26  30.0 

4.1909593 

67  20  45. 1 

4.3072670 

111  43  17.4 

4.3810749 

131  45  43. 1 

4.1436489 

W1LAON  BT  AL.] 


PENNSYLVANIA. 


91 


MARSHALL,  WESTMORELAND  COUNTY. 

In  Lo^'^alhaniiH  Township,  al)out  IH  miles  southwest  of  Saltsburg, 
on  the  liighest  part,  of  a  bare  flat  hill  which  is  the  southwestern  one 
of  three  near  together.     The  land  is  owmnl  by  Mrs.  William  Marshall. 

Station  mark:  A  stone  i>ost  42  by  8  by  8  in(»hes,  s<»t  38  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cf^nented  a  hroiv/A'  tablet 
marked  "l"^.  S.  Geological  Survey — Pennsylvania." 

[Latitade  40   27'  32.39  .     Longitude  79   25  08.15' .] 


To  8tation- 


Azimuth. 


Back  azimuth,   j  Loj^.  diHtance. 


Harmon.- (»  44  30.8 

Steel... I  106  37  25.0 

Hilty '  126  59  37.0 

Hood I  190  24  59.2 

Tabernacle 216  49  53.2 

Kelly 272  19  08.7 

JeJlison   '  310  50  01.2 


186  43  44.3 

286  33  14.0 

306  55  10.2 

10  26  05.9 

36  52  02. 1 

92  25  17.0 

130  53  22.4 


Mt'ttrti. 
4. 1592792 
3. 97783.50 
4.0830968 
4. 1258931 
3. 8917275 
4. 1357354 
3. 9852846 


WEAVKR,  CLARION    COUNTY. 

AlK)ut  1  mile  south  of  Fryburg,  in  Wfishington  Townsiiip,  on  a  bare 
knob  of  cultivated  land  ownwl  by  J.  Gr.  Weaver,  of  Marbl*^  i)ost-ol!ice. 

Station  mark:  A  sandstone  post,  30  by  12  by  12  inciies, s(»t  32  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cenuMited  a  bronze 
tablet  marked  ''U.  S.  Geological  Survey — Pennsylvania.'' 

Reference  marks:  Chestnut  tree  12  inches  dianu^ter,  magnetic*  bear- 
ing S.  O.T'  W.,  274  feet  distant.  Chestnut  tree  22  inches  diameter,  N. 
50°  E.,  238  feet  distant.  Oak  tree  IS  inches  diamtaer,  S.  55'^  K.,  220 
feet  distant. 

[Latitude  41  ^  19'  58.86  .     Longitude  79    25'  46.92  .] 


To  Htation—  |  Axiiuath. 

L 

'  [  :  .  : 

McCall '  22  57  16.7 

Myers ...I        7  56  41.2 

Beels 64  14  20.7 

McNanghton '  298  15  38.3 

I 


Buck  uzimutb.      Log.  distance. 


202  51  12.0 
187  54  49.3 
244  05  45.9 
118  24  03.6 


Mrhrx. 

4.5204177 
4.4577631 
4. 3046552 
4. 3062598 


HARMON,  WESTMORELAND   COUNTY. 

In  Unity  Township  al)out  3  miles  north  of  west  of  Latrobe,  on  a 
high  ridge  known  locally  as  Dry  Ridge.  The  ridges  is  flat  on  top  and 
the  station  is  near  center  of  cleared  field. 
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Station  mark :  A  stone  post  42  by  8  by  8  inches,  set  38  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  '*U.  S.  Geological  Survey — Peniisylvania." 

[Latitude  40°  19'  47.78 ".     Longitude  79**  26'19.91".] 


To  station— 


Stroble 
Marshall 
Jellison  . 
Kepple. 


Assimath. 

46  04  32.3 
186  43  44.3 
228  20  39.6 
110  ai  16.9 


Back  azimnth. 

Log.  distance. 

o           ,          n 

Meters. 

226  02  15.5 

6  44  30.8 

4. 1592792 

48  24  46.9 

4.0811881 

289  59  32.2 

•    4.1262722 

GROCE,  CLARION   COUNTY. 

About  2f  miles  air-line  distance  west  of  Clarion  court-house,  in 
Paint  Township,  on  a  low,  uncultivated  knob  having  a  fringe  of  trees 
and  bushes  along  a  north  and  south  fence  running  over  the  hill.  The 
land  belongs  to  John  Groce,  of  Clarion. 

Station  mark :  A  sandstone  post  42  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Wild  cherry  tree  on  fence  line,  magnetic  bear- 
ing S.  75°  E.,  75  feet  distant.  Wild  apple  tree  N.  55°  W.,  97  feet 
distant. 

[Latitude  41    12'  19.69.       Longitude  79"  26'  20.87."] 


To  station- 


Azimuth. 

Back  azimnth. 

Log.  distance. 

o                ,                ., 

Meter*, 

12  33  09.4 

192  31  40.0 

4.1643794 

107  15  39.5 

287  07  27. 7 

4.2598866 

256  10  22.7 

76  19  09.7 

4.2827486 

Myers 

Beels 

McNaughton 


MYERS,  CLARION   COUNTY. 

About  .'3  miles  southeast  of  Sligo,  in  Toby  Township,  and  near  the 
main  road  between  Clarion  and  East  Brady,  and  about  halfway 
betwecui  tlie  two  places,  on  a  bare  knob  of  cultivated  land  belonging 
to  V.  R.  Myers,  of  Sligo. 

Station  mark:  A  sandstone  i)()st  30  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bi'onze 
tablet  markcHl  ^^V.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Ch«^stnut  tree,  magnetic  bearing  S.  (JS^  E.,  303 
feet  distant,  (•licstiiut  tree  S.  .5r)^  W.,  115  feet  distant.  Chestnut 
treeN.  S4"  W.,  203  feet  distant. 


wiLAOM  vr  Aul  PENNSYLVANIA. 
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To  station— 


Reynolds 

McCall    

Beels 

Weaver 

Groce 

Lncinda  Catholic  chnrch 

Clarion  coart-honse 

HcNaaghton 

Clever 


Azimuth. 


39  10  40.8 
76  45  26.6 
144  07  19.6 
187  54  49.3 
192  31  40.0 
199  35  42.8 
206  15  52.8 
229  08  24. 6 
327  41  28.6 


Back  azimuth. 

LofT-  distance. 

0                /                // 

Meters. 

219  07  25.6 

4.0414047 

256  41   14.5 

3.9639954 

324  00  37.9 

4.3845964 

7  56  41.2 

4. 4577631 

12  33  09. 4 

4. 1643794 

19  40  05.2 

4.4416060 

26  19  26.3 

4.2335056 

49  18  40.4 

4.4594577 

147  47  30.2 

4. 3829142 

MELLON,  FAYETTE   COUNTY. 

About  2  miles  north  of  Markleysburg  and  600  feet  north  of  Mellon's 
store,  on  hill  covered  with  timber.  Theodolite  raised  18  feet  on  stump 
of  tree  and  lines  of  sight  cut  out  to  other  stations. 

Station  mark:  A  stone  post  36  by  12  by  12  inches,  set  flush  with 
surface  of  ground,  in  the  center  of  top  of  which  is  cemented  a  copper 
bolt. 

[Latitude  39**  44'  48.18".    Longitude  79   29  23.30  .] 


To  station— 


Piney  Swamp 

Kelley 

Wymp 

Pondfield  .... 
Accident 


Azimuth. 

5  29  47.3 

25  02  17.6 

82  07  39. 3 

102  56  31.1 

308  24  44.6 


Back  azimuth. 


185  28  53. 8 
204  59  31.0 
261  57  14.8 
282  48  22.5 
128  32  14.0 


Log.  distance. 


Meters. 
4.3198719 
4. 1674360 
4. 3709214 
4. 2706993 
4. 3:^08574 


STROBLK,  WESTMORELAND    COUNTY. 

About  4  miles  southeast  of  Greensburg,  on  a  cleared  ridge  having 
timber  on  its  western  end;  there  is  a  higher  summit  1  mile  to  eastward. 
The  land  is  owned  by  John  Stroble. 

Station  mark:  A  stone  post  4:0  by  8  by  8  inches,  set  36  inches  in  tlie 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tabl(*t 
marked  "U.  S.  Greological  Survey — Pennsylvania." 


94  PRIMARY  TRTANGULATTON  AND  PRIMARY  TRAVERSE,    [buu-ML 

[Latitude  40    17  11.77  .     Longitnde  79   29*  51.84".] 


To  Htatlon— 


Altman 
Kepple 
Hartnoii 


Azimuth. 

95  57  53. 1 
141  08  28.0 
226  02  15.5 


Back  asimath.  |  L09.  distance. 


275  58  01. 1 

821  01  00.8 

46  04  82.8 


Jieter*, 
4.0802815 
4.0817032 
3.S409840 


STEEL,  WESTMORELAND   COUNTY. 

AlK>ut  4  miles  west  of  Saltslnirg,  on  the  southern  part  of  siunmit  of 
high,  bare  hill  in  liell  Township,  on  land  owned  by  John  Steel. 

Station  mark:  A  stone  post  40  b}'  8  by  8  inches,  set  36  inches  in  the 
gn)nn(l,  in  th(»  center  of  top  of  which  is  cemented  a  bronze  t^vblet 
marked  '*  V.  S.  (Teologi<»al  Survey — Pennsylvania." 

[Latitude  40   29  00.34".     Longitude  79^  81'  34.78".] 


To  stAtion  Azimuth. 

22  23  34.0 

52  15  25.4 

70  04  30. 7 

125  41  21.6 

172  52  01.3 

227  47  34.0 

Marshall      286  33  14.0 


Baf'k  azimuth.     Jjog.  distance. 


Kepple 

Rose . 

Clearview. 
Bush  Hill 
Hilty    ..   . 
Hood 


202  21  12.9 
232  08  55.2 
249  59  21.5 
305  39  26. 9 
352  51  45.5 
47  52  51.9 
106  37  25.0 


Mrtvrs. 

4. 1295269 
4. 2538871 
4.0770516 
8.7098968 
3.6629086 
4. 1913671 
3.97783,'50 


HILTV,   \N  KST.MOKKLAM)    COUNTY. 

In  I>('11  Town.sliip,  about  \\  miles  iiortli  of  Perrysville  [)ost-of!iciN 
on  tlie  ('ast(»rn  i)ait  of  a  bare  knob,  and  about  3  feet  lower  than  the 
lii^hest  part  of  the  hill,  on  land  owned  by  8.  McCauley. 

Station  mark:  A  stone  X)Ost  40  by  S  by  8  inches,  set  3(1  inches  in  the 
ground,  in  the  center  of  top  of  wliieli  is  (*emented  a  bronze  triangula- 
lion  tablet  marked  ''  V,  S.  (4eolo<?ieal  Survey — Pennsylvania.'- 

Reference  marks:  Witness  stones  are  si»t  in  the  ground  (53  feet 
north  and  t'».  IS  f(»et  soutli  of  mark.  A  small  wild  apple  tree  is  7'.>.3 
feet  nortlu»ast  of  mark. 

[Latitude  40    3r2s.l0.     Loiijicitude  79    3r  59.01 '.] 


To  station  - 


Azimuth. 


Bac'k  uzimuth.     Lo^;.  distanctv 


Bush  Hill 00   14  30.4 

Hooil 244  04  31.3 

Marshall 300  55  1U.2 

i>teel ----  352  51  45.5 


246  12  51.4 

64  10  05.2 

126  59  37.0 

172  52  01.3 


3. 59331*20 
4.1281149 
4.0880968 
8.6629986 


WII^SON  CT  AU.1 


PENNSYLVANIA. 


95 


MILLER,  ARMSTRONG   COUNTY. 

In  East  Franklin  Township,  about  2  miles  northwest  of  Kittanning, 
on  a  flat,  cultivated  hill  owned  by  James  Miller.  It  is  100  yards  west 
of  his  brick  house. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  49'  53.90 ".     Longitude  79   33'  05.12 ".] 


To  station— 


I 


Lieister 

Templeton 
Graham  . . 


Azimuth.  Back  azimuth.     Log.  distance. 


o           / 

n 

o            <              // 

yfettra. 

52  11 

10.0 

232  08  42.0 

3.8272558 

158  21 

39. 5 

338  20  09.8 

3.9397410 

299  55 

18.5 

1 

120  00  41.6 

4. 1263694 

REYNOLDS,  CLARION  COUNTY. 

On  a  round  bare  knob  about  4^  miles  northeast  of  Kasl  Brady,  on 
roa<l  t^  Rimei'sburg.  The  land  belongs  to  the  heirs  of  ^Vlex.  Rey- 
nolds, of  Kittanning,  and  is  occupied  by  George  Leonard. 

Station  mark:  A  sandstone  post  36  by  10  by  10  inches,  set  33  inches 
ill  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Chestnut  tree  with  broken  top,  magnetic  liearing 
S.  58°  W.,  98  feet  distant.  Wild  cherry  tree,  4  inches  diameter, 
N.  7T  W.,  51  feet  distant. 


[Latitude  42 
To  sUtion— 

00' 

01.14 

Longitude  7 
Azimuth. 

13  22  43.0 
162  m  17. 7 
219  07  25.6 
300  50  42.0 
3ai  12  37.9 

9    33  ;W.13 '.] 
Back  azimuth. 

193  21  32.2 
342  32  21.0 
39  10  40.8 
120  59  58. 2 
154  18  20.5 

Lotf.  distance. 

Templeton 

Metern. 

4.0389218 

McCall 

3. 8277738 

Alyers  .. 

Clever 

4.0414047 
4. 3(W3865 

Graham 

4.4,504542 

OVERTON,  WESTMORELAND   COUNTY. 

About  15  feet  northeast  of  a  summit  of  hill  l>  miles  northeast  of 
Seottdale  and  one-fourth  mile  west  of  the  Paint/cr  coke  ovens,  on  land 
owned  by  the  McClure  Coke  Company. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  (•(»mented  a  bronze  tablet 
marked  '*  U.  S.  Oeologieal  Survey — Pennsylvania." 


96         PEIMAEY  TBI  ANGULATION  AULD  PRIMARY  TRAVEBSK.    [bull-ISL 
[Latitude  40"  06'  07.88".    Longitude  79"  33'  48.87".] 


To  station^ 

Asimuth. 

Moore 

57  24  28.2 

Alverton ...       ..     .   . 

149  48  14.2 

Back  asimath. 

Loff.  distance. 

•      «       «/ 

Meter*, 

237  22  19.4 

3.7500275 

329  47  05. 4 

3.7013389 

BUSH   HILL,  WESTMORELAND   COUNTY. 

In  Washington  Township,  about  4  miles  south  of  Apollo,  on  a  bare 
hill  owned  by  the  heirs  of  Isaac  Bush. 

Signal :  A  lone  apple  tree  on  highest  point  of  hill. 

Station  mark:  A  stone  post  40  by  8  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  ''U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  30'  37.17".     Longitude  79''  34'  31.41".] 


To  station— 


Clearview 

HUty 

Steel 


Azimuth. 


45  00  25. 5 
246  12  51.4 
305  39  26.9 


Back  azimuth. 

Lofp.  distance. 

o              .              ,, 

Meters 

224  57  11.0 

3.9994467 

66  14  30.4 

3.5933120 

125  41  21.6 

3.7093968 

M'CALL,    CLARION   COUNTY. 

On  a  bare  flat  knob  about  1^  miles  north  of  Bela  post-office,  8  feet 
north  of  an  east  and  west  fence.  The  land  l)elongs  to  William  T. 
McCall. 

Station  mark:  A  sandstone  post  36  l)y  8  by  8  inches,  set  32  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  nmrked  '*ir.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Chestnut  tree  18  inches  diameter,  magnetic  bear- 
ing N.  85°  W.,  185  feet  distant.     Chestnut  tree  18  inches  diameter  S. 

8r  E. 

[Latitude  41    0:3  29.14'  .     Longitude  79"  85'  00.49  '.] 


To  station—  Azirautli. 

Beels I  1()()  ,il  52.1 

Weaver !  202  51  12.0 

Myers - . .  250  41   14.5 

Clever ..  309  51  31.4 

Reynolds :M2  ;i2  21.0 


Batrk  azimuth.      Lojf.  distance. 


346  19  23.0 

22  57  16.7 

76  45  26.6 

130  01  44.6 

162  33  17.7 


Meter  a. 

4.3497924 
4. 5204177 
3.9639954 
4.4550873 
3. 8277738 
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KEPPLB,   WESTMORELAND   COUNTY. 

On  a  ridge  timbered  on  its  northern  end,  4  miles  north  of  Jeannette 
and  8  miles  northwest  of  Greensburg.  The  land  is  owned  by  Michael 
Kepple,  who  lives  at  foot  of  ridge  on  southeast  side. 

Station  mark:  A  stone  i)08t  30  by  8  by  8  inches,  set  26  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  23'  16.36 ".    Longitude  79^  35'  12.32".] 
To  station—  Azimuth. 


Altman 20  24  19.7 

Rose 99  13  02.3 

Clearview 143  58  12.5 

Steel 202  21  12.9 

Stroble. ...J  321  05  00.3 

Harmon I  289  59  32.2 


Back  azimuth. 

Log.  .distance. 

o           ,           n 

MeUrs. 

200  22  55.2 

3.9465750 

279  08  53.6 

3.9625866 

323  55  24.7 

4.0157223 

22  28  34.0 

4. 1295369 

141  08  28.0 

4.0817033 

110  05  16.9 

4. 1262723 

TEMPLETON,  ARMSTRONG  COUNTY. 

About  1^  miles  north  of  Middlesex  (Cowansville  post-office),  in 
Sugar  Creek  Township,  on  a  bare  ridge  with  timber  on  the  northwest 
side.     The  land  is  owned  by  Widow  Templeton. 

Station  mark:  A  sandstone  post  42  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  mark :  A  wild  cherry  tree,  7  inches  in  diameter,  magnetic 
bearing  N.  8°  W.,  164  feet  distant. 

[Latitude  40^  54'  16.17  ".     Longitude  79   35'  22.20 ".] 


To  station- 

Azimuth. 

Back  azimuth. 

LofT.  distance. 

o           /           n 

o                  ,                 ,. 

Meiers. 

Leister 

9  4:}  23.3 

189  42  25.0 

4.0930300 

Shrader...   

18  52  03. 4 

198  48  43.8 

4.3503890 

Rejmolds 

193  21  32. 2 

13  22  43.0 

4.0389318 

Clever    

273  06  31.1 
314  53  49.7 
338  20  09.8 

93  16  57.6 
135  00  42. 7 
158  21  39.5 

4. 3508735 

4.3203059 

M«ll«r 

3.9397410 

ALVERTON,  WESTMORELAND   COUNTY. 

On  the  summit  of  the  hill  on  which  is  located  the  Alverton  cemetery, 
about  30  feet  west  of  the  westerly  fence  line  of  cemetery. 

Station  mark :  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "IT.  S.  Geological  Survey — Pennsylvania." 
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ToBtetton— 

Azimnth. 

Back  Mimiitli. 

Loff.  distance. 

Moore 

RegffiTitrOwn      .... 

16  39  88.6 

81  62  06.7 

329  47  05.4 

e           1           it 

196  88  38.6 
261  49  08.7 
149  48  14.2 

Meters. 

3.8868983 

3.8197812 

Overton 

3. 7013380 

LEISTER,   ARMSTRONG   COUNTY. 

Six  miles  southwest  of  Kittanning,  in  North  Buffalo  Township,  on 
a  round  knob,  cleared  on  southeast  side  and  timbered  on  northwest 
side.     The  land  belongs  to  Sarah  Jane  Grey,  of  McHaddon. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  35  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  '*U.  S.  Geological  Survey — Pennsylvania." 

Reference  mark:  Oak  tree.  18  inches  diameter,  magnetic  bearing 
K.  30°  W.,  77i  feet  distant. 

[Latitude  40°  47'  40.31".     Longitude  79'  36'  51.50".] 


To  station- 


Shrader... 
Templeton 

Miller 

Clever 

Graham  .. 


Azimuth. 


29  48  10. 1 
189  42  26.0 
232  08  42.0 
245  48  30.3 
278  SS   05. 5 


Back  asimuth. 


209  45  46.8 

9  43  23.3 

52  11  10.0 

65  59  54.4 

98  40  56.3 


Loff.  dintanoe. 


Meten. 

4.0155564 

4. 0930800 

3.8272558 

4.4288814 

4.2328820 


MOORK,  FAYETTE  COUNTY. 

Oil  a  hill  locally  known  as  Moore's  Hill,  2  miles  southwest  of  Scott- 
dale,  on  the  I'oad  between  Seottdah^  and  Dawson,  on  land  owned  by 
the  H.  C,  Frick  Coke  Company. 

Station  mark:  A  stone  post  30  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  ('enter  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''V.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40   04  29.12  .     Longitude  79"^  37'  08.83".] 


)~ 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distauo). 

Secreat 

Ill  37  13.2  1     291  34  24.3 

Meter*, 

3.8251290 

Regantown 

Alverton 

146  04  20.  5 
196  :^8  88.6 

326  02  22. 6 
16  39  38.6 

3.8899346 
3.886399S 

Overton 

\    ^?ri  11  \SSA 

\      Vi  04  28.2 

3.7500275 

\ 
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ALTMAN,  WESTMORELAND    COUNTY. 

About  5  miles  southwest  of  Greensburg  and  1  mile  south  of  Old 
Grapeville,  on  a  flat,  cleared  hill  with  fringe  of  timber  on  the  northern 
side,  on  land  owned  by  John  C.  Altman. 

Station  mark:  A  stone  i)ost  44  by  8  by  8  inches,  set  42  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cement^^d  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40**  17'  47.65".     Longitnde  79°  37'  22.85".] 


To  statdon— 


Shepler 
Wiley.. 
Rose... 
Kepple. 
Stroble 


Azimuth. 


45  51  12.3 

77  41  14. 4 

148  30  09. 7 

200  22  55. 2 

275  58  01.1 


Back  asimuth.      Lof?.  diiitanoe. 


225  48  4«. 0 

257  35  46. 5 

328  27  25.6 

20  24  19. 7 

95  57  53. 1 


Meters. 

4.3579395 

4.0885127 

4.0584376 

3.9465750 

4.0302815 


DUNBAR,  FAYETTE  COUNTY. 

On  a  bald  summit  of  Chestnut  Ridge,  one-fourth  mile  east  of  State 
Orphan  School  and  about  5  miles  by  wagon  road  southeast  of  Union- 
town. 

Station  mark:  A  stone  post  42  by  8  by  8  inches,  set  3(1  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **  U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  39"  53'  15.11".     Longitude  79"  38'  38.67  .] 


To  station- 

Azimuth. 

Bac'k  azimuth. 

Log.  distancf*. 

Keener 

Work ..  . 

O                 t                  II 

97  12  12.7 
170  44  31. :{ 

e            1            II 

277  03  2^.5 
;{50  43  35.0 

Meters. 

4.2915497 

4.1119491 

BEELS,  ON   LINE   BETWEEN    CLARION    AND    VKNANOO    COUNTIES. 

About  3  miles  north  of  Salem,  in  Salem  Township,  on  a  bare,  round 
knob  with  timber  on  the  north  side.  On  an  east  and  west  line  fence, 
which  is  also  the  county  line  between  Clarion  and  Venango  counties. 
The  land  south  of  fence  is  owned  by  J.  H.  Beels,  of  Lamartine. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  A  chestnut  tree  along  road  fence,  iua^Q^\Q.\y^wt- 
ing  S.  34°  W.,  188  feet  distant.     A  county-line  moTi\iitv^ii\»  au!^  e.otTkfcx 
N,  87°  W.,  115  feet  distant 
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[Latitndo  4V  15'  14.00".     Longitude  79**  89'  47.07".] 


To  station- 

Azimnth. 

BMkasimnth. 

Loir.  dIstMioe. 

Weaver 

O                1                II 

244  05  45.9 
254  38  29.9 
271  09  89.4 
281  01  57.4 
287  07  27.7 
324  00  37.9 
346  19  28.0 

O                1                /' 

64  14  20.7 
74  49  85.5 
91  26  88.6 
101  12  14.0 
107  15  89.5 
144  07  19.6 
166  21  52. 1 

Meten, 
4.8046552 

Lncinda  Catholic  Church 

4.3862458 

McNangfhton     .*..... 

4.5563276 

Clarion  court-house 

4.8464047 

Qroce 

4.2598866 

Aiyers        -.--   -  ...... .     ...  ...... 

4.3845964 

McCall _ 

4.8497924 

CLKARVIEW,  WESTMORELAND   COUNTY. 

In  Franklin  Township,  Hlx>ut  4  niiU*K  north  of  Export,  on  high,  bare, 
round  knob  owned  by  Joseph  Cline. 

Station  mark:  A  st.one  post  40 by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  "IT.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  A  stone  8.1  feet  north;  stone 7. 3  feet  south;  stone 
8.5  feet  west;  stone  74  feet  east. 

[Latitude  40"  26'  48.14  .     Lontptude  79^  39'  31.12".] 


To  Htatiou— 


Rose 

Bush  Hill 

Steel 

Kepple  .  . 


Azimnth. 

1 

Back  asimath. 

Log.  distance. 

1                O                '                // 

O                 1                 tl 

Meters. 

23  06  19.4 

203  04  58.3 

3.8762981 

224  57  11.0 

45  00  25.5 

3.9994467 

249  59  21.5 

70  04  30.  7 

4.0770518 

323  55  24.7 

14;^  58  12.  5 

4.0157223 

WORK,   FAYKTTK    COUNTY. 

On  land  owned  by  John  Work,  about  o  miles  west  of  Oonnellsville 
and  0  miles  north  of  Uniontown.  A  row  of  locust  trees  crosses  top  of 
hill  along  a  north  and  south  fence. 

Station  mark:  A  stone  post  'M  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  (tenter  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  mark:  A  nail  driven  at  foot  of  locust  tree  25^  feet  dis- 
tant, magnetic  l)earing  of  wliich  is  N.  30°  E. 
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[Latitude  40"  OC  09.20  '.     Longitude  79"  40'  06.44 ".] 


To  (Station- 


Keener 
Krepp  . 
Dunbar 


Azimuth. 

Back  azimath. 

Log.  distanoe. 

o           /           n 

Meter: 

59  13  04.4 

289  05  15.9 

4.3047205 

98  17  22.0 

278  08  09.5 

4.3186372 

350  43  35.0' 

170  44  31.3 

4. 1119491 

REGANTOWN,  WESTMORELAND   COUNTY. 

On  the  summit  of  a  hill  in  a  cleared  field,  100  feet  east  of  a  tree,  one- 
half  mile  south  of  the  State  road  and  about  2  miles  west  of  Regan- 
town;  about  one-fourth  mile  northeast  of  a  blacksmith  shop  on  the 
road  from  Coal  Hollow  to  the  State  road. 

Station  mark :  A  stone  post  30  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "IT.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  07'  57.87  .     Longitude  79'  40'  11.80  . 


To  station- 


Secreet.. 
Pro8i)ect 
Shepler  . 
Wiley  . 
Alverton 
Moore... 


Azimath. 


25  18  26.  5 
49  23  39. 4 
100  33  11.2 
152  50  42. 4 
261  49  08. 7 
326  03  22.6 


Back  azimath. 


205  17  35.4 
229  19  04. 1 
280  27  34. 5 
332  47  04.2 
81  52  06. 7 
146  04  20. 5 


Log:,  distance. 


Meter*. 

3.6484487 
4. 1254124 
4.0994919 
4.2430875 
3.8197812 
3.8899346 


SHRADER,  ARMSTRONG  COUNTY. 

(Not  occupied.) 

On  a  bare  ridge  in  South  Buffalo  Township,  3  miles  northeast  of 
Freeport,  on  land  owned  by  A.  C.  Shrader,  of  Freeport. 

Station  mark:  A  sandstone  post  40  by  8  by. 8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "U.  S.  G^eological  Survey — Pennsylvania." 

[Latitude  40*  42'  4a68' .     Longitude  79°  40'  30.96  ".] 


To  Btatton— 


Templeton . 

Leister 

Graham  ... 


Azimath. 


Back  azimuth.  |  I.K)sr.  dintance. 


198  48  43.8 
209  45  46.8 
253  89  11.0 


18  52  03. 4 

7a  4^  ^.^^ 


Meters. 
4.3508890 
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SECREST,  WESTMORELAND   COUNTY. 

In  the  center  of  a  cultivated  fiel<l  on  a  higli  summit  of  a  long  wooded 
ridge,  locally  known  as  Fort  Hill,  on  land  owned  by  W.  M.  Secrest, 
who  lives  about  one-half  mile  noi*t.heast  of  station  and  about  2i  miles 
east  of  Layton  post-office. 

Station  mark:  A  stone  x)ost  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'ir.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  05'  48.90  .     Longitude  79^  41'  31.30 ".] 


T«>  Htation- 


Prospect 

Shepler 

Regantown 


Azimuth. 


Back  Asimnth. 


60  16  23.6 
120  55  03.8 
305  17  35.4 


Moore... I     29134  24.3 


O                 /                 i/ 

240  12  39.4 

300  50  18.4 

25  18  26.5 

111  87  13.2 

Log.  distance. 

Meten. 

3.9778300 

4.0870^ 

3.6434487 

3.8251290 


ROSE,  WESTMORELAND   COUNTY. 

About  4  miles  noi'th  of  Irwin  on  a  cleartMl  ridge  owned  by  the  Rose 
heiiTS. 

Station  mark :  A  stone  post  40  l)y  8  by  8  Indies,  set  36  inches  in  the 
ground,  in  th<»  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40   t>:^  03.83'  .     Longitude  79   41'  36.25' .] 

To  station- 


Azimuth. 

Back  azimath. 

lAig.  distaxK-e. 

- 

- 

Meterg. 

25  50  13. 1 

205  47  29.0 

4.1382508 

76  55  47. 1 

256  51  00.8 

4.0297096 

203  04  58.3 

23  06  19.4 

3.8762981 

232  08  55. 2 

52  15  25.4 

4.2538871 

279  08  53. 6 

99  13  02.3 

3.9625866 

328  27  25. 6 

148  30  10. 0 

4.0584376 

Wiley  . . . 
Terrace  .. 
Clearview 
Steel.  .  .. 
Kepple  . . 
Altman . . 


PONDFIELl),   FAYKTTK    rol'NTV. 

On  a  high  timbered  summit  of  Chestnut  ridge,  about  4  miles  air- 
line distance  south  of  Fairchance  and  one-half  mile  north  of  Robert 
Rankin's  house.  Theodolite  was  elevated  25  feet  and  lines  of  sight 
were  cut  through  timber  toward  other  stations. 

Station  mark:  A  stone  post  36  by  12  by  12  inches,  set  flush  with  the 
surface  of  the  ground,  in  the  center  of  top  of  which  is  oemeuted  a 
copper  bolt;  3  feet  south  of  stump. 
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[Latitude  89"  46'  67.92  .     LonKitude  79"  42'  07.17' .] 
To  station^  Azimuth.  Back  azimnth. 


Wymp 
Mellon 
Kelley 


34  25  25.2 
282  48  22.5 
825  81  86.8 


214  28  09.0 
102  56  31.1 
145  86  58. 1 


hog.  distance. 


Meters. 
8.9582404 
4.2706993 
4.3261887 


WILEY,  WESTMORELAND    COUNTY. 

About  5  miles  north  of  West  Newton  and  6  miles  southwest  of 
Irwin,  on  a  high  ridge  on  farm  belonging  to  Emily  G.  Wiley,  of 
Yohoghany,  whose  house  is  about  one-fourth  mile  south  of  signal. 

Station  mark :  A  stone  post  36  by  8  by  8  inches,  in  the  center  of 
top  of  which  is  cemented  a  bronze  tablet  marked  **U.  S.  Geological 
Survey — Pennsylvania." 

[Latitude  40**  16'  22.57  '.     Longitude  79^  45'  49.^5  .] 


To  station^ 


"Btutk  azimuth. 

Log.  distance. 

O               /               It 

Meters. 

18  11  18.3 

198  09  19.3 

4. 1452190 

81  58  45. 1 

261  51  28.0 

4.2080156 

127  11  22.2 

307  05  05.5 

4.2365716 

155  55  00.9 

335  52  58.9 

4.0373270 

205  47  29.0 

25  50  13. 1 

4. 1382508 

257  35  46.5 

77  41  14. 4 

4.0885127 

832  47  04.2 

152  50  42.4 

4.2430375 

Shepler 

Pollock  .  . . 
CallKmn  ... 

Terrace 

Boee 

Altman 

Regrantown 


PROSPECT,  FAYETTE   COUNTY. 

About  1}  miles  southeast  of  Redstone  and  7  miles  northeast  of 
Brownsville,  on  a  flat,  bald  hill  having  a  large  apple  tree  on  summit. 
The  land  is  owned  by  the  heirs  of  Thomas  Murphy  and  is  occupied  by 
J.  C.  Murphy,  of  Redstone. 

Station  mark:  A  stone  post,  40  by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40'  08'  15.98".     Longitude  79"  47'  19.84 ".] 


To  station- 


Keener 

Kzepp 

Shepler 

Begantown 
Secreat. .... 


Azimuth. 

o  /  // 

28  88  12.3 

74  26  58.4 

168  27  48.5 

229  19  04. 1 

240  12  89.4 


Back  azimuth.     Log.  distance. 


208  85  01.7 

254  22  24. 1 

848  26  47. 5 

49  28  39.4 

60  1ft  2a.ft 


Meters. 
4.2448865 
4.0209121 
4. 0497613 
4. 1254124 


104      PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVSB8K.    [■nx.ML 
8HEPLBR,  WESTMORELAND   COUNTY. 

About  4  miles  southeaHt  of  Belle  Vernon  and  5  miles  east  of  Char- 
leroi,  on  a  high  cultivated  hill  owned  by  John  Shepler. 

Station  mark :  A  sandstone  post,  32  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "IT.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  09'  12.22 ".    Longitude  79'  48'  54.10".] 


To  Htation— 


Krepp 

fiillsboro    . 
PoUock.... 

Wiley 

Altmsn 

Regantown 

Secreet 

Prospect  -  - . 


Azimuth. 

29  39  60.0 
71  44  42.6 
183  26  08.4 
198  09  19.3 
225  43  46.0 
280  27  34.5 
300  50  18.4 
348  26  47.5 


Back  asimuth.  :  Log.  distance. 


Meten. 

209  36  26.4 

4. 2009906 

251  34  48.6 

4.8616006 

313  20  50.8 

4.2046201 

18  11  18.8 

4.1453190 

45  51  12.3 

4.8579S95 

100  33  11.2 

4.0994919 

120  55  08.8 

4.0870355 

168  27  48.5 

4.0497613 

TERRACE,  ALLEGHENY   COUNTY. 

About  2  miles  east  of  McKeesport,  on  a  high  hill  known  as  Faii'>iew 
Terrace  and  owned  by  Alex.  Faucett,  of  McKeesport. 

Station  mark:  A  sandstone  post,  36  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  ''U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40   21'  45.09".     Longitude  79"  48  58.31".] 


To  Htatiou— 

Azimuth. 

Back  azimuth. 

Lo(r.  distance. 

Pollock 

43  22  06.7 

92  52  45.7 

256  51  00.8 

335  52  58.9 

o               f              II 

223  16  51.1 

272  48  30. 7 

76  55  47. 1 

155  55  00.9 

Meters. 

4.2251518 

Calhoun 

3.9684989 

Rose. 

4.0297096 

Wiley 

4. 0378270 

KEENER,  FAYETTE  COUNTY. 

About  8  miles  west  of  Uniontown,  1^  miles  north  of  McClellandtown, 
and  23. ;{  feet  west  of  a  lone  locust  tree  on  a  bare  knob  o^nied  by  Ben 
Keener,  who  lives  30()  yards  south  of  station. 

Station  mark :  A  stone  post,  40  by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 
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Reference  mark:  A  stone  i)ost,  36  by  12  by  12  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  an  aluminum 
bolt;  azimuth  from  station  275°,  27';  distance,  20  feet. 

[Latitude  3r  54'  38.86".     Longfitude  79^  52'  16.00 '.] 


To  station— 


Fast 

Turkey  .. 

Jefferson. 

Hillsboro 

Krepp  ... 

Prospect 

Work... 

Dunbar  . . 


Azimath. 


10  45  03. 1 
51  08  33.2 
98  07  26.8 
189  22  16.0 
166  57  58.6 
208  85  01.7 
289  05  15.9 
277  08  28.5 


Back  azimath. 

Log.  distance. 

o            ,            n 

Meters. 

190  44  15.0 

3.9804006 

281  04  02.8 

4.1097964 

278  01  04.2 

4.1512851 

319  14  38.8 

4.4181154 

346  56  35.3 

4. 1346780 

23  88  12.8 

4.2448865 

59  18  04.4 

4.8047205 

97  12  12.7 

4.2915497 

FAST,    FAYETTE   COUNTY. 

About  2  miles  southeast  of  Masontown,  on  road  to  Smithfield,  8  feet 
north  of  an  east  and  west  fence  on  land  owned  by  Mr.  Fast,  who  lives 
a]x>ut  300  yards  south  of  station. 

St>ation  mark:  A  stone  post,  36  by  10  by  10  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  89'  49'  29.86 ".     Longitude  79"  53'  30.97 ".] 


To  station— 


St.  Clair 
Morley . . 
Turkey.. 
Jefferson 
Keener  . 


Azimuth. 


10  01  47.4 

47  17  02.2 

99  01  56. 6 

129  24  42.4 

190  44  15.0 


Back  azimath. 

Log.  distance. 

.           .          u 

Meters. 

190  00  37.0 

4. 1777734 

227  11  58.5 

4.1871165 

278  58  14.5 

3.9215699 

309  19  08.7 

4.2041975 

10  45  03. 1 

3.9804006 

KREPP,  WASHINGTON   COUNTY. 

About  1^  miles  northwest  of  Brownsville,  on  a  prominent  and  well- 
known  bald  knob  owned  by  James  Nickson. 

Station  mark:  A  sandstone  post,  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 


106       PRIMARY  TRIANOULATION  AND  PRIMARY  TRAVERSE.    CBUix.lffl. 

[Latitude  40'  01'  44.55".    Longitnde  TO**  54'  25.69".] 


To  station- 


Jefferson  . 
Hillsboro 
Shepler . . 
Proepeci. 
Work.... 
Keener  .. 
Turkey  . . 


Azimuth. 


41  28  81.9 
115  13  26.6 
209  86  26.4 
254  22  24.t 
278  08  09.5 
346  56  35.3 

18  00  10.1 


Back  azimnth. 


221  23  82.6 

295  07  06.8 

29  89  60.0 

74  26  58.4 

98  17  22.0 

166  57  58.6 

197  57  02.7 


Lo^.  distanoa 


Metert, 

4.2228714 

4.1890480 

4.2009906 

4.0209121 

4.3186372 

4.1346780 

4.3515150 


CALHOUN,  ALLEGHENY  COUNTY. 

About  2^  miles  west  of  McKeesport  and  ^  mile  south  of  Calhoun 
Park,  on  farm  of  W.  F.  Miller. 

Station  mark:  A  stone  i)ost  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  '^U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  22'  00.05".     Longitude  79*'  55'  32.00".] 


To  Btaticm— 


Pollock 

Shannon 

Terrace  

Wiley 

Union  U.  P.  Church 
Qreentree 


Azimuth. 

9  58  00.0 

84  27  17.4 

272  48  30.7 

307  05  05. 5 

114  14  59.9 

150  34  16.3 

Back  azimuth. 

Log.  distaDoe. 

•       /      // 

Meters. 

189  56  59.0 

4.1096654 

264  23  27.5 

3.9250687 

92  52  45.7 

3.9684989 

127  11  22.2 

4.2365718 

294  06  16.4 

4.3196701 

330  30  36.5 

4. 2107475 

POLLOrK,   WASHINGTON   COUNTY. 

On  Pollock's  Hill,  about  2  miles  west  of  West  Elizabeth,  on  road  to 
Finleyville,  400  feet  west  of  a  rough  board  shanty  on  highest  point  of 
bare  hill,  owned  by  Mr.  McClure. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **IT.  S.  Geological  Survey — Pennsylvania." 


WTLBOir  w  AL.)  PENNSYLVANIA. 

[Latitude  40"  15'  08.99 ".    LongritTide  79"  57'  06.26 '.] 
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Tostatkm— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Fil1fl>M>rn 

29  10  08.6 
152  35  31.9 
189  56  59.0 
223  16  51. 1 
261  51  28.0 
313  20  50.8 
61  30  40.4 
87  29  40.3 

209  05  81.5 

332  32  43.3 

9  58  00.0 

48  22  06.7 

81  58  45. 1 

133  26  08.4 

241  19  25.7 

267  20  47. 8 

Metera. 
4.3197152 

Shannon    ,   . 

4. 1259181 

(^^ftlhonn 

4.1096654 

Terrace 

4.2251518 

Wiley 

4.2080156 

Shepler       

4. 2046201 

Mount  Wheeler 

4. 4496681 

Canonfll^nrg 

4.2904183 

TURKEY,  GREENE  COUNTY. 

About  1  mile  north  of  Sigsl)ee  and  4  miles  south  of  Carmiehaels,  on 
Turkey  Knob,  in  a  cultivated  field  owned  by  Leroy  Hartley. 

Station  mark:  A  stone  post  42  by  10  by  10  inches  set  flush  with 
surface  of  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  "  U.  S.  Geological  Sui-vey — Pennsylvania." 

[Latitude  89"  50'  11.72".     Longitude  79'  59'  17.69 '.] 


To  station— 

Azimuth. 

Back  azimuth. 

l-iog.  distance. 

Morley 

e           /          It 

14  32  17.4 
154  58  81.5 
197  57  02.7 
231  04  02.8 
278  58  14.5 
840  48  59.6 

O                 1              II 

194  30  55.5 

334  56  40.0 

18  00  10. 1 

51  08  33.2 

99  01  56.6 

160  46  31.0 

Meters. 

4.0842057 

Jefferson 

Krepp 

3.9895121 
4.3515150 

Keener 

4.1097964 

Paat 

3. 9215699 

St  Clair 

4. 2327348 

ALLEGHENY   OLD   OBSERVATORY,  ALLEGHENY   COUNTY. 

On  a  hill  near  the  center  of  the  city  of  Allegheny. 
Station  mark:  The  center  of  dome. 

[Latitude  40'  27'  42.17".    Longritude  80**  00'  44.09 ".] 


To  station^ 

Azimuth. 

Back  azimuth. 

Log.  distance. 

e           /          // 

161  81  89 
170  00  46 

o           1          n 

341  31  18 
350  00  29 

Metert. 
8. 38774 

vrFeen tree ^••_...«.. « ..«.....«.  ^..»j.«.. 

8.56204 

108       PRIMARY  TRIANGULATIdN  AND  PRIMARY  TRAVXBSS.    [WTUiML 
GREENTREE,  ALLEGHENY    COUNTY. 

On  the  highest  point  of  Greentree  Hill,  in  extreme  northwest  jmrt 
of  city  of  Allegheny,  on  land  belonging  to  the  city.  Summit  of  hill 
is  covered  with  locust  bushes  15  to  18  feet  in  height. 

Theodolite  elevated  25  feet. 

Station  mark :  A  sandstone  x)ost  38  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  29'  38.64".     Longitude  80*'  01'  10.95  ".J 


To  station- 

Azimuth. 

Back  Asimnth. 

Log.  difltenoe. 

Shannon  . . . 
Union  U.  P. 
Dickson 

Church 

1  26  42.8 

68  10  18.2 

90  57  02.2 

129  06  28.8 

380  80  86.5 

e          t          II 

181  26  82.4 
248  05  18.9 
270  46  45.8 
809  00  80.6 
150  84  16.8 

MeUrM. 
4.1751665 
4.0926886 
4.8497298 

Weir 

A    OOCMMMMI 

Calhonn 

4. 2107476 

ALLEGHENY  NEW  OBSERVATORY,  ALLEGHENY  COUNTY. 

On  the  summit  of  a  hill  in  Riverview  Park,  Allegheny. 

Station  mark :  The  center  of  main  dome  (in  process  of  construction, 

1900). 

[Latitude  40^  28  57.26' .     Longitude  80"  01'  16.94  ".] 


To  station- 


Union  U.  P.  Church .     

Greentree 

Allegheny  Old  Observatory 


Azimuth. 

68  25  57 
186  18  06 
341  31  18 


Back  azimuth. 


248  20  57 

6  18  10 

161  31  39 


Log.  distanoe. 


MeterB. 
4.06917 
8.10864 
3.38774 


MORLEY,  GREENE  C  OUNTY. 

On  a  flat  bald  ridge  owned  by  D.  W.  Morley,  1  mile  southeast  of 
Bald  Hill  and  one-half  mile  north  of  Pennsylvania- West  Virginia 
State  line.     There  are  a  few  trees  under  brow  of  hill  on  east  side. 

Station  mark:  A  stone  post  42  by  12  by  12  inches,  set  flush  with  the 
surface  of  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
copper  bolt. 


WILSON  m  AU]  PENNSYLVANIA. 
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To  station— 


Azimuth. 


Bacic  azimuth.   {  Log.  distance. 


Turkey  . 
Fast  .... 
Wymp .. 
St.  Clair 
Beed  \  . 
Waters. 


194  aO  55.5 
227  11  58.5 
274  03  51.4 
296  44  41.3 
304  53  01.7 
357  07  59.2 


14  32  17.4 

47  17  02.2 

94  13  55.6 

116  48  34.2 

125  00  48. 8 

177  08  22.3 


Meters. 

4.0842057 

4. 1871165 

4.3586192 

3.9880410 

4.3278602 

4.2873975 


SHANNON,  ALLEGHENY  COUNTY. 

About  1  mile  south  of  Oastle  ShHinioii  post-offiee,  on  a  high,  culti- 
vated knob  on  which  is  one  tree  about  30  feet  northeast  of  signal. 

Station  mark:  A  sandstone  post  34  by  7  by  7  inches,  sunk  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  "TJ.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  21'  33.53' .     Longitude  80   01  26.95  ".] 


To  station— 


Calhoun 

Pollock 

Canonsburg 

Hickman 

McDonald 

Union  U.  P.  Church 
Gh^eentree 


AzimnCli. 


264  23  27. 5 

332  32  43.3  ! 

46  20  22.0 

83  01  46.0 

90  53  55.8 

131  18  26.2 

181  26  32.4 


Back  azimnth. 

Log.  distance. 

o                /                  // 

Meters. 

84  27  17. 4 

3. 9250637 

152  35  31.9 

4. 1259131 

226  14  17.1 

4.2656474 

262  57  02. 4 

4.0175377 

270  46  02. 6 

4.2365717 

311  13  82.8 

4. 1524041 

1  26  42.8 

4. 1751665 

JEFFERSON,  GREENE   COUNTY. 

About  1  mile  southeast  of  Jefferson,  on  a  high  bald  knob  owned  by 
Lawrence  Kraft. 

Station  mark:  A  stone  post  36  l)y  8  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'U.  S.  Gleological  Survey — Pennsylvania." 


110      PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVEBSB.    twiutJuUL 

[Latitude  89°  54  58.46' .     Longitude  80^  08'  11.35 ".] 


To  Btation- 


Hillsboro 

Krepp 

Keener. . 

Fast 

Turkey. . 
Hughes  . 
Union 


Azimuth. 


171  14  18.9 
221  33  82. 6 
273  01  04.2 
809  19  08.7 
834  56  40.0 
104  02  85.8 
115  15  13.2 


Back  azimuth. 


351  12  54.0 
41  28  31.9 
93  07  26.3 
129  24  42.4 
154  58  31.5 
288  56  38.3 
295  07  32.4 


Loip.  distanoe. 


Meters. 

4.2860956 

4.2228713 

4. 1512351 

4.2041975 

3.9895121 

4.1844974 

4.2747311 


HILLSBORO,  WASHINGTON   COUNTY. 

In  a  rocky  pasture,  about  1,(X)0  feet  north  of  Hillsboro  church, 
about  half  way  between  Brownsville  and  Washington,  along  the 
National  pike,  on  land  owned  by  Mrs.  E.  S.  Tonebaugh,  who  lives  at 
crossing  about  1,500  feet  southeast  of  station. 

Station  mark :  A  stone  post  30  by  8  by  8  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  05   17.67' .     Longitude  80   04'  15.81".] 


To  Btatioii- 


Pollock 

Shepler 

Krepp 

Jefferson 

Keener 

Hughes 

Union . 

Mount  Wheeler 
Canonsburg 


MORRIS,  GRKENE   CM>UNTY. 

On  land  owned  by  Henry  Morris,  o  miles  southeast  of  Waynesburg, 
Smiles  east  of  Randolph  Church;  in  cleared  field  600  feet  north  of 
ridge  road  and  one-fourth  mile  west  of  Mr.  Morris's  house. 

Station  mark:  A  marble  i>ost  48  by  8  by  8  inches,  set  46  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 


AKimuth. 

Back  azimuth. 

0                 f                II 

Ix>u.  distance. 

0           ,            n 

Mtterti. 

209  05  31.5 

29  10  08.6 

4.3197152 

251  34  48.6 

71  44  42.6 

4. 3616006 

295  07  06.8 

115  18  26.6 

4.1890430 

:i51   12  54.0 

171  14  13.9 

4.2860956 

319  14  33.3 

139  22  16.0 

4.4181154 

33  02  20. 9 

212  51  42.6 

4.2751190 

51  48  48. 2 

231  42  26. 5 

4.2581038 

108  08  43.9 

288  02  07. 1 

4.1859700 

151  42  44.5 

331  38  29.5 

4.2949237 

wiMow  wr  Au]  PETmSYLVANIA. 

[Latitude  39'  62'  02.67 '.     Longitude  80*  06'  47.91".] 


Ill 


To  station— 


Azimnth. 


Back  Azimuth. 


Log.  distance. 


Shriver 69  27  10.8 

Hughes j     142  87  23.6 

Jefferson i    230  25  41.6 


249  24  58. 1 

822  84  28.6 

50  28  38.8 


Meters, 
3.7205680 
4.0408635 
8.9801948 


HICKMAN,  ALLEGHENY   COUNTY. 

On  a  bald  hill  in  South  Fayette  Townshii),  2^  miles  southwest  of 
Bridgeville,  on  land  belonging  to  William  Hickman,  who  lives  on 
south  side  of  hill. 

Station  mark:  A  sandstone  post  30  by  12  by  12  inches,  set  28  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cement^^d  a  bronze  tab- 
let marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  20  52.88".     Longitude  80"  08'  44.87".] 


To  station— 


Oanonsburg 

McDonald 

Union  U.  P.  Church 
Shannon 


Azimuth. 


14  85  89. 2 
102  26  54.8 
178  07  14.0 
262  57  02.4 


Back  azimuth. 

o  /  // 

194  84  17.6 

282  23  45.3 

358  07  04. 4 

88  01  46.0 


Log.  diHtanco. 


Meters. 
4.0787263 
3. 8495728 
4.0271348 
4. 0175377 


UNION  U.    P.    CHURCH,    ALLEGHENY    COUNTY. 

A  new  brick  church  with  a  square  tower  on  its  northeast  corner,  sit- 
uated on  a  hill  1  mile  west  of  Remington,  on  the  Steuben ville  pike. 
Station  mark :  Center  of  tower. 

[Latitude  40"  26'  87.25".     Longitude  80'  08  59.69".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  (liHtance. 

McDonftid             ,  .               

0           >           n 

85  48  45.7 
117  40  04.8 
178  11  88.8 
248  05  13. 9 
294  06  16.4 
811  13  82.8 
858  07  04.4 

O                 /                 It 

215  40  45.6 
297  84  52.5 
353  10  40. 1 
68  10  18.2 
114  14  59.9 
181  18  26.2 
178  07  14.0 

Meters. 
4. 0503085 

Dickson 

Weir       

4. 1070426 
4.2101067 

Greentree.. _ 

4. 0926886 

OftlboTm                             „   . 

4. 3196701 

Shannon                    .  „  . . 

4. 1524041 

Hickman.. 

4.0271348 

112       PRIMABY  TRIANGULATION  AND  PRIMARY  TRAVERSE.    ivauuVgL 
8HRIVER,    GREENE   COUNTY. 

On  a  bald  hill  2  miles  west  of  Randolph  Church  and  4  miles  sonth 
of  Waynesburg,  on  land  owned  by  William  Shriver. 

Station  mark:  A  marble  post  48  by  8  by  8  inches,  set  46  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronsse  trian- 
gulation  tablet  marked  "U.  S.  Greological  Survey — ^Pennsylvania." 

[Latitude  89"  61'  02.83.      Longitude  80'  10  14.90 ".] 


To  station- 

Azimuth. 

Loff.  distance. 

Call 

89  04  36.7 
170  36  15.8 
249  24  58. 1 

268  59  88.8 

350  ;i5  28.6 

69  27  10.8 

Meten. 
4.0507482 

Hughes  .  .   

Morris                            _   ,   .   > . 

4.0296854 
8.7205630 

^        WEIR,  AL1.KCJHBNV  COUNTY. 

On  a  hill  in  Sewickley  Township,  alK>iit  3  milen  north  of  Sewickley 
depot  and  3  miles  southeast  of  Economy;  northwest  of  point  of  road 
called  the  "Three  mile  post,"  at  the  head  of  Turkey  Run,  on  land 
owned  bj'  James  F.  Weir;  10  feet  south  of  an  east  and  west  fence. 

Station  mark :  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked' *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  35  19.45  .     Longitude  80    10  21.45".] 


To  Htation- 


Azimuth. 


Back  ashnntb. 


Dickson 

Bunker  Hill 

Big  Knob    . .     . .    . . . 

Greentree 

Union  U.  P.  Church 


42  46  12.4  222  41  52.7 

110  5:5  26.0  I  290  47  55.1 

170  47  47.7  i  350  46  41.6 

309  00  30.5  '  129  06  28.3 

:ir^\  10  40.1  ,  173  11  33.3 


Lo|ir-  distance. 


Meters, 

4. 1415223 

4.1068604 

4.1726934 

4.2222866 

4.2101067 


CANONSBUKli,  WASHlN(iT(>N    COUNTY. 

In  North  Strabone  Township,  in  a  cniltivHUMl -field  at  summit  of  high 
knob,  1  mile  S.  15°  E.  of  Canonsburg  and  in  view  of  the  town,  on  land 
owned  by  Mr.  James  Hanna,  who  lives  on  (»ast  side  of  hill,  at  a  road 
fork. 

Station  mark:  A  sandsUme  post  31  by  7  l)y  7  inclies,  sunk  31  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulatiou  tablet  marked  ''  U.  S.  Geological  Survey — Pennsylvania." 


wiLflON  n  AU.1  PENNSYLVANIA. 

[Latitude  40**  14'  40.51' .    Longitude  80'  10'  51.20 ".] 
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To  station— 

Azimuth. 

Back  azimath. 

Mount  Whefllpr 

o               /                // 

22  31  03.0 
50  18  45. 5 
78  04  35.4 
163  11  12.3 
194  34  17.5 
226  14  17. 1 
267  20  47.3 
331  38  29.5 

0                /                II 

202  28  40.8 

230  10  19.6 

257  59  04. 1 

843  09  24.7 

14  35  89.2 

46  20  22.0 

87  29  40.3 

151  42  44.5 

MeUr». 
4. 1846767 

Claysville .. 

4.3820976 

Ghmrett        

4.0938006 

McDonald 

Hickman 

4. 1826110 
4.0787268 

Shannon    

4.2656474 

PoUock 

HillBboro 

4.2904188 
4.2949287 

HU(JHKS,    UREENK   COUNTY. 

Oil  a  hill  covere<l  witli  an  orchanl  of  small  peaeli  trees,  about  4 
miles  north  of  Waynesburg,  owned  by  the  Hughes  estate. 

Station  mark:  A  mar])le  post,  36  by  8  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gnlation  tablet  marked  **U.  S.  Geological  Survey — Pennsylvania." 

11' 28.53".] 


[Latitude 

)39^ 

56 

45 

.33'. 

Longitude  6 

To  station- 

Azimuth. 

Call 

41  26  18.6 

Union -  - 

141  03  40.6 

Willahnm 

212  57  42.6 

Jefferson 

283  56  38.3 

MorriB 

322  34  23. 6 

Shriver 350  35  28.6 


Back  azimath. 

Log.  distance. 

0               .               „ 

Meter: 

221  22  02.6 

4. 1564204 

321  02  06.5 

3.7827879 

33  02  20.9 

4.2751190 

104  02  35.8 

4.1344974 

142  37  23.6 

4.0403685 

170  36  15.8 

4.0296854 

v/ 


BIG  KNOB,  BKAVER  COUNTY. 


Near  the  north  end  of  summit  and  about  40  feet  south  of  an  east 
and  west  rail  fence,  on  a  prominent,  partly  timbered  hill  known 
locally  as  the  "Big  Knob,"  in  Sewickley  Township,  on  land  owned 
by  Joseph  Powell,  who  lives  at  south  end  of  knob;  4  miles  northeast 
of  Freedom,  6  miles  east  of  Rochester,  and  1^  miles  east  of  Beaver 
court-house. 

Theodolite  elevated  30  feet. 

Station  mark :  A  sandstone  post,  36  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

BulL  181—01 8 
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[Latitude  40"  43'  15.73".    Longitude  80'  12'  02.8r'.] 


To  station— 

Azimuth. 

Backastmnth. 

Loff.dlstaaoe. 

Bunker  Hill 

43  20  47.5 

83  55  01.0 

109  42  02.6 

143.47  07.7 

350  46  41.6 

O                 1                II 

228  16  22.2 
263  47  05.7 
289  85  24.5 
323  43  30.5 
170  47  47.7 

Meter*. 

4. 1441166 

iDawson        . . 

4.2855940 

Rillilund 

4  1816755 

Walker 

Weir 

4.1204228 
4.1726984 

M'DONALD,  WASHINGTON   COUNTY. 

In  a  pasture  at  the  highest  point  of  a  liill  ^  mile  south  of  McDonald, 
on  land  owned  by  Mr.  William  F.  Wood,  who  lives  on  the  southeast 
side  of  hill. 

Station  mark:  A  sandstone  post  31  by  7  by  7  inches,  set  55  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  "U.  S.  Geological  Survey — ^Pennsylvania." 

Reference  marks :  A  large  black-oak  line  tree  at  the  north  boundary 
fence,  275  feet  distant.  A  large  whit^-oak  line  tree  at  the  west 
boundary  fence,  303  feet  distant. 

[Latitude  40'  21'  41.66".    Longitude  89'^  13'  37.56".] 


To  station— 

Ajsimnth. 

Back  azimuth. 

Loff.  distance. 

Garrett       

27  46  53. 9 
162  21  09.3 
215  40  45.6 
270  46  02. 6 
282  23  45.3 
343  09  24.7 

207  43  09.8 
342  18  57.4 
35  43  45.7 
90  53  55.8 
102  26  54.8 
163  11  12.3 

Mettrt. 
•    4.2450948 

Dickson     ,       .                  . . 

4.1985263 

Union  U.  P.  Church 

4.0503035 

Shannon 

Hickman 

4.2865717 
3.8495738 

Canonsbnrg 

4. 1326119 

UNION,  GREENE   COUNTY. 

In  a  pjisturo  on  a  prominent  hill  0  miles  north-northwest  from 
Waynesbiirg  and  1^  miles  east  of  West  Union. 

Station  mark:  A  sandstone  post  48  by  8  by  8  inches,  set  48  inches 
in  the  ground,  in  the  center  of  lop  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  ''  U.  S.  Geological  Survey — Pennsylvania." 


WIL80W  «T  AL.]  PENK8YLVANIA. 

[Latitude  89'  59'  18.24  ".     Longitude  80^  14'  19.16 '.] 
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To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Call 

20  07  40. 7 
51  46  11.3 
73  20  36.0 
178  04  16.4 
231  42  26. 5 
295  07  32. 4 
321  02  06. 5 

c        /         // 

200  05  07. 7 
231  40  06.0 
253  14  48.2 
358  04  01.9 
51  48  48. 2 
115  15  13.2 
141  03  49. 6 

Meters. 
4.1355279 

Bristoria 

4.2357775 

Time 

4. 1275671 

Wheeler  ..  

Hillsboro 

Jefferson          .           

4.2002916 
4.2531028 
4. 2747811 

Hnghea 

3.7827879 

WHEELER,  WASHINliTOX    COUNTY. 

On  a  sparsely  timbered  hill,  'i  miles  south  of  Washington,  on  land 
of  William  Courson,  who  lives  at  north  base  of  hill. 

Station  mark :  A  marble  post  38  by  6  by  6  inches,  set  34  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40''  07'  52.16".     Lonj^tude  80"  14'  31.71".] 


To  station— 


Claysville . . 
Ganett... 
Canonsborg 
Pollock  .  . 
HillBboro  .. 
Union 


Azimuth. 


78  01  54.2 
145  24  29. 4 
202  28  40.8 
241  19  25. 7 
288  02  07. 1 
358  04  01.9 


Rack  Hzimuth. 


257  55  51.0 
325  21  20.7 
22  31  03.0 
61  30  40.4 
108  08  43.9 
178  04  16.4 


Log.  distance. 

Meters. 

4.1350995 

4.0856664 

4. 1345757 

4.4496631 

4. 1859700 

4.2002916 


DICKSON,  ALLEGHENY    (M)UNTy. 

On  a  hill  in  Findlay  Township,  1  mile  northeast  of  Clinton,  on  land 
owned  by  Prof.  James  Dickson. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 


116      PRIM  ART  TRI  ANGULATION  AND  PRIMARY  TRAVERSE.    IbuuuML 

[Latitude  40"  29'  49.59".    Longitude  80°  17'  00.90 ".] 


To  station— 

Azimuth. 

Back  asimnth. 

Log.  distance. 

McCleary  .. 

0 

135  46  56.7 
170  08  04.4 
222  41  52.7 
270  46  45.3 
297  34  52.5 
342  18  57.4 

0            /            f 

315  41  54.9 
a50  06  58.6 
42  46  12.4 
90  57  02.2 
117  40  04.8 
162  21  09.8 

Meteru. 
4.1945450 

Bunker  Hill 

4. 1745591 

Weir    

4. 1415223 

Greentree .....    ___ 

4.3497228 

Union  U.  P. 

Church 

4.1070426 

McDonald  . 

4.1985263 

WALKER,    BEAVER  COUNTY. 

On  a  flat,  cultivated  ridge  in  North  Sewickley  Township,  5  miles 
northeast  of  Beaver  Falls,  on  land  owned  by  Robert  L.  Walker. 

Station  mark :  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cement-ed  a  bronze  tab- 
let marked  ''IT.  S.  Greological  Survey — Pennsylvania." 

[Latitude,  40^  49  00.74".     Longitude,  80^  17'  35.52".] 


To  station— 

Azimuth. 

Back  azimnth. 

Log.  distance. 

Gilliland... 

Jordan 

Big  Knob . . 

49  37  03.5 
111  54  15.1 
323  43  30.5 

o              /                // 

229  34  02.4 
291  5.  25.0 
143  47  07.7 

MeUn. 
3.9313049 
3.8175600 
4.1204228 

J 


CALL,    GREENE   COUNTY. 


On  H  cleared  hill  about  *J  miles  southwest  of  Hogersville,  on  land 
owned  by  Robert  Call. 

Station  mark :  A  marble  post  48  by  8  by  8  inches,  set  48  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude,  39"  50  56.68  .     Longitude,  80'  18'  07.61".] 


To  station- 

Azimuth. 

56  45  12.3 
121  29  33.0 
148  14  24.8 
200  05  07. 7 
221  22  02. 6 
268  59  33.8 

Back  azimuth. 

Lor.  distance. 

Oak .. 

Bristoria      

236  41  05.3 

301  26  01.1 

328  11  10.5 

20  07  40.7 

41  26  18.6 

89  04  36.7 

Meters 

4.0403119 
3.9642757 

Time  

4. 1355279 

Union 

4.2167757 

Hughes          -- . 

4.1564204 

Shriver  

4.0507482 

WILSON  XT  AU] 


PENNSYLVANIA. 
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BUNKER  HILL,  BEAVER  COUNTY. 

On  the  highest  point  of  a  cleared  hill  in  Moon  Township,  one-half 
mile  south  of  Shaffer  post-office  and  6  miles  south  of  Beaver;  200  yards 
.south  of  Bunker  Hill  schoolhouse,  on  land  owned  by  the  Misses  Good. 

Station  mark :  A  sandstone  post  36  by  6  by  6  inches,  set  34  inches 
in  the  p^round,  in*  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  '*U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  37  47.00  .     Longitnds  80"  18'  49.87".] 


To  station— 

Azimuth. 

Back  azimath. 

Log.  distanoe. 

McC^eary 

67  11  43.7 
137  42  41.4 
223  16  22.2 
290  47  5r).  1 
850  06  53.6 

247  07  52.4 
317  89  11.8 
48  20  47.5 
110  53  26.0 
170  08  04.4 

Meters. 
8.9571732 

Dawson 

4.0500887 

Big  Knob                                 

4. 1441156 

Weir         

4.1068604 

Dickson 

4. 1745591 

GARRETT,  WASHINGTON  COUNTY. 

In  a  cleared  field  owned  by  J.  C.  Garrett,  3  miles  east  of  Buffalo 
Village  and  5  miles  northwest  of  Washington  on  the  hill  road  to 
Hickory. 

Station  mark:  A  marble  post  38  by  0  by  6  inches,  set  35  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Wire  fence,  west  113  feet.  Large  walnut  tree 
N.  340  30' W.,  433  feet. 

[Latitude  40**  13'  17.16".     Longitude  80"  19'  24.18  ".] 


To  station— 


Claysville 

West  Liberty  . . 
West  Middleton 

McDonald 

Canonsbnrg 

Mount  Wheeler 


Azimuth. 

O  I  II 

26  82  81.5 
79  22  34.7 
108  12  86.6 
207  43  09.8 
257  59  04.1 
325  21  20. 7 


Back  azimath. 


206  29  86.5 
259  11  49.0 
288  07  53.7 
27  46  58.9 
78  04  85.4 
145  24  29.4 


Log.  distanoe. 


Meters. 

4.1577265 

4.8816589 

4.0266996 

4.2450948 

4.0988008 

4.0856664 


JORDAN,  BEAVER  COUNTY. 

On  a  cultivated  ridge  in  Big  Beaver  Township,  on  land  owned  by 
Sam  Marshall,  who  lives  on  northwest  side  of  ridge,  75  yards  from 
station. 
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Station  niark :  A  sandstone  post  40  by  7  by  7  implies,  set  36  inches 
in  the  ground,  in  the  cent-er  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "  U.  S.  Geological  Snrvey — Pennsylvania." 

[Latitude  40'  50'  20.12  ,    Longitode  80'  31'  55.70 '.] 


To  station— 


Gilliland. 
Walker  .. 


Azimuth. 


Back  Asimath. 


Loff.  difltanoe. 


3  52  26.6 
•291  51  25.0 


I 


O                 1                 It 

182  52  15.4 
111  54  15.1 

Meten. 

3.9026731 

8.8175600 

OILLILAND,  BEAVER  COUNTY. 

On  a  cleared  hill  4  miles  west  of  Beaver  Falls,  on  land  owned  by 
Sarah  J.  Gilliland. 

Theodolite  elevated  33  feet. 

Station  mark :  A  sandstone  post  42  by  7  by  7  inches,  set  38  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "U.  S.  Geologic-al  Survey — Pennsylvania." 

[Latitude  40'  46  01.35  .    Longitude  80°  22'  12.78".] 


To  station— 


Dawson . . 
Jordan . . . 
Walker  . 
Big  Knob 


Azimath. 

Back  astmath. 

IxV'distanoeL 

o 

.       .       „ 

MeUv. 

21  51  14.9 

201  49  57.4 

3.8743981 

182  52  15.4 

2  52  26.6 

3.9026T31 

229  34  02. 4 

49  37  03.5 

3.9313049 

289  3.-)  24. 5 

109  42  02.6 

4. 1816755 

\/ 


TIMK,   (iREKNE   COUNTV. 


In  a  past  lire  owned  by  the  Miller  estate,  ou  a  cleared  knob  2^  miles 
north  of  Graysville  and  1  mile  west  of  Time  post-office. 

Station  mark:  A  marble  post  48  by  8  by  8  inches,  set  48  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  ''  V.  S.  Geological  Survey — Pennsylvania." 

[Latitude  3«.)    oT  13.23  .     Longitude  80"  23'  10.56".] 


To  station- 


Azimuth. 


Bristoria .   ;  5  30  19.2 

RockLick 51  55  51.4 

WilsonsKnob 11117  45.4 

Union 253  14  48.2 

Call 328  li  10.5 


Back  azimuth. 


185  30  01.5 
281  50  19.0 
291  10  43.8 
73  20  36.0 
148  14  24.8 


Log.  distance. 

Meten. 

3.8348950 
4.1943297 
4.2228438 
4.1275671 
4.1355279 


WlLAOlf  BT  Af^] 
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BRI8TORIA,  GREENE   COUNTY. 


On  H  dome-shaped  hill  2  miles  north  of  Bristoria  and  14  miles  west 
of  Waynesburg,  in  a  x)asture  owned  by  the  Isenminger  estate,  abont 
500  feet  north  of  a  public  road. 

Station  mark:  A  marble  post  48  by  8  by  8  inches,  set  48  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  Greological  Survey — Pennsylvania." 

[Latitode  89"  58'  82.55".     Longritnde  80"  23'  38.1S  .] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Oak 

6  54  26.  4 

76  18  21.5 

130  48  17.3  i 

185  30  01.5 

231  40  06.0  i 

301  26  01.1 

i 

186  53  51.1 
256  13  07.0 

310  41  as.  7 

5  30  19. 2 

51  46  11.3 

121  29  3:^.0 

Meters. 

4  0377279 

Rock  Lick 

4  0791962 

Wilson  Knob 

4.2948978 

Time 

3.8348950 

Union     

4. 2357775 

Call 

3. 9642757 

CLAY8VJLLE,   WASHINGTON   COUNTY. 

On  a  cone-shaped  hill  1  mile  south  of  C-laysville,  ou  cultivaUMl  land 
belonging  to  Mr.  J.  Mosier. 

Station  mark:  A  marble  i)ost  38  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Double  chestnut  tree,  south,  72  feet.  Apple 
tree,  east,  80  feet. 

[Latitude  40"  06'  20.01' .     Longitnde  SO**  23'  55.46  ".] 


To  Mtation- 


Weet  Liberty... 
Independence  .. 
West  Middleton 

Oarrett 

Canonsbnrg 

Moont  Wheeler . 


Azimuth. 


Back  azimuth. 


115  59  25.6 
143  11  59.2 
165  32  56. 6 
206  29  36. 5 
2.30  10  19.6 
257  55  51.0 


295  51  35.6 

323  06  27.6 

345  31  09. 1 

26  32  31.5 

50  18  45. 5 

78  01  54.2 


Ijng.  diRtan<*e. 


Metera. 

4.2830742 
4.3069361 
4. 1983776 
4. 1577265 
4.8826975 
4. 1350995 


DAWSON,    BEAVER  COUNTY. 

Seventy  yards  west  of  a  brick  schoolhouse,  on  a  cleared  knob  in 
western  x>artof  Brighton  Township,  5  miles  west  of  Beaver;  near  forks 
of  road  and  ou  land  owned  by  G.  W.  Dawson,  ot  I^av^v\ 
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Station  mark:  A  sandstone  post  38  by  7  by  7  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  42'  16.02  .     Longitude  80^  24'  11.58".] 


To  station  - 


Azimuth. 


McCleary  _ . , 
Gilliland... 
Big  Knob  ... 
Bunker  HilL 


-f- 


8  49  22.4 
201  49  57.4 
263  47  05. 7 
317  39  11.8 


Back  azimQth. 

Log.dJatanfie. 

0 

Meters 

183  49  00,5 

4.0783912 

21  51  14.9 

3.8748981 

83  55  01.0 

4.2355940 

137  42  41.5 

4.0500887 

OAK,    GREENE   (M)UNTY. 

On  H  high  cleared  hill  1  mile  south  of  Centennial  Church,  :?  miles 
south  of  Higley,  and  6  miles  south  of  Bristoria,  on  land  owned  by  Dr. 
S.  T.  Williams. 

Station  mark :  The  lone  signal  tree  on  highest  point  of  hill. 

[Latitude  39   47  41.45".     Longitude  80"  24'  33.31".] 


To  station- 


Rock  Lick. 
Bristoria.- 
Call 


Azimuth. 

LoiT- distance. 

. 

0               .              „ 

MeterB. 

127  39  19. 7 

307  34  40.8 

4.1163332 

186  53  51.1 

6  54  26.4 

4.0377279 

236  41  05.3 

56  45  12.3 

4.0403119 

m\;leary,  beaver  county. 

On  a  hill  in  Raccoon  Township  1  mile  southwest  of  McCle^iry  jwst- 
oflfice,  on  land  owned  by  A.  L.  Moore.  Summit  of  hill  has  a  few  trees 
on  its  western  side. 

Station  mark:  A  sandstone  post  38  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  tlie  cent-i^r  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40    35  52.99  .     Longitude  80^  24'  45.11".] 


To  station— 


Dawson 

Bunker  Hill 
Dickson 


Azimuth. 

Back  azimuth. 

Loff.  distance. 

183  49  00.  5 
247  07  52.4 
315  41  54.9 

3  49  22.4 

67  11  43.7 

135  46  56.7 

Meters 
4.0733912 
3.9571732 
4.1945450 
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CROSS  CREEK,  WASHINGTON  COUNTY. 

On  pasture  land  belonging  to  Mr.  Hugh  Lee,  one- fourth  mile  south- 
west of  Cross  Creek  Village.  The  north  side  of  the  hill  is  timbered. 
The  property  is  leased  by  Mr.  B.  S.  Stiffier. 

Station  mark :  A  marble  post  38  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "IT.  S.  Geological  Survey — Pennsylvania." 

Reference  marks :  Fene«,  north,  85. 5  feet.  Chisel  mark  on  rock  out- 
crop, east,  76.2  feet. 


[Latitude  40° 

19'  22.50". 

Longitude  80'  2ry  08.80".] 

To  station- 

Azimuth. 

O                  /                 II 

14  00  35. 4 
52  47  51.5 

BfMck  azimuth. 

o                /                // 

193  59  35. 1 
232  43  06.7 

Log.  distance. 

West  Middleton 

Meters. 
3.9598141 

Indepeodence           . 

4. 1163188 

WEST  MIDDLETON,    WASHINGTON   COUNTY. 

On  the  highest  point  of  a  partly  cleared  hill  1  mile  west  of  West 
Middleton  on  the  road  to  Wellsburg,  W.  Va.,  and  on  land  owned  by 
Robert  D.  Craig,  who  lives  due  north  of  station. 

Station  mark:  A  marble  post  38  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  14'  35.72".    Longitude  80°  26'  42.16  ".] 


To  station- 


West  Liberty  . 
Independence  . 
Cross  Creek  . . . 

Gkwrett 

Claysville 


Azimuth. 

o  /  // 

62  37  50.9 

96  31  51.9 

193  59  35.1 

283  07  53.7 

345  31  09. 1 


Log.  distance. 

O                 1                 II 

Meterg. 

242  31  47.8 

4.1755802 

276  28  07. 6 

3.9168898 

14  00  35.4 

3.9398141 

103  12  36.7 

4.0266996 

165  32  56.6 

4. 1983776 

SMITH  FERRY,  BEAVER  COUNTY. 

An  astronomic  station  of  the  United  States  Coast  and  Goedetic 
Survey,  situated  on  the  north  bank  of  the  Ohio  River  in  front  of  the 
hotel  at  Smith  Ferry. 
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[LAtitode  40  »  48.07  .    Loii8:itiide  ST  »  iS.«r  .J 


To 


Grsveyard 100  27.90     181  00  9(.  70 

Isljuid 50  02  58.30     280  01  44.40 


3.0184143 
3.4539S38 


Meridian  Mjrrks. 
WASHINGTOX,    WASHINGTOX  COUNTT. 

Loi^ation  of  station :  A  few  feet  north  of  sidewalk,  on  the  soath  side 
of  and  ncsar  the  southwest  comer  of  the  campus  of  Washington  and 
Jefferson  College. 

Station  mark :  A  sandstone  post  48  by  12  by  12  inches,  set  about  40 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  meridian  tablet. 

Distant  mark:  North  of  station  482  feet;  a  sandstone  post  about 
48  by  12  by  12  inches,  set  about  36  inches  in  the  ground,  in  the  center 
of  top  of  which  is  cemented  a  bronze  meridian  tablet. 

MARYLAND. 
Tnangulation  Stations. 

Three  primary  stations  were  established  in  1899  in  Garrett  and 
Washington  counties  by  Mr.  Sledge  Tatum,  in  conjunction  with  the 
exUiUsion  of  the  work  into  West  Virginia  and  Pennsylvania. 

ROMAN    NOSE,  (iARRETT   COUNTY. 

On  a  long  ridge  of  same  name,  o  miles  air-line  distance  northeast 
of  Oakland,  on  a  narrow  backbone  about  30  feet  lower  than  flat  sum- 
mit omvhalf  mile  southwest.  Theodolite  elevated  16  feet  on  stump 
of  tree,  and  lines  of  sight  cut  through  timber  to  other  signals. 

Station  mark:  Stump  of  tree. 

ILatitnde  39    28'  47.90'  .     Longitude  79   22'  r.59".] 


To  Htation  - 


Piney  Swamp  . 
Accident. 
High  Ho(!k 


Azimuth. 


back  azimuth.  I  tiog.  distaxioe. 


125  aO  87..-) 
202  20  30. 5 
253  00  44. 3  1 

305  25  13.3 
22  23  3:3.6 
73  11  12.9 

Metm. 
4.1744346 
4.2416865 
4.3921308 

QUIRAl  K. 


On  line  between  Frederi(;k  and  Washington  counties,  about  2  miles 
south  of  Ponnmr,  Pa.,  and  about  2  miles  southeast  of  Blue  Mountain, 
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Maryland.  Ou  highest  point  of  mountain  locally  known  by  same 
name. 

Theodolite  elevated  on  an  iron  observation  tower  84  feet. 

Station  mark:  A  bronze  tablet  marked  '*  U.  S.  Geological  Survey — 
Pennsylvania,"  coyntersunk  in  a  dressed  stone  4  feet  long  and  10 
inches  squai'e,  set  flush  with  top  of  ground  under  center  of  tower. 

[Latitude  39**  41'  47.92".     Longitude  77^  30'  45.72".] 
To  station—  Azimuth. 


Lookout 19  48  57.1 

Martin I  75  49  48.7 

Fairview 83  35  53.1 

Parnell '  129  18  20.6 

Chambersburg |  154  39  25.8 


Back  azimath. 

Log.  distanoa. 

o 

Meters. 

199  44  32.5 

4.4668329 

255  41  01.2 

4.3078569 

263  18  22.7 

4.5962555 

309  04  53.8 

4.5874498 

334  33  43.9 

4.4715180 

MARTIN,  WASHINGTON  COUNTY. 

About  one-half  mile  northwest  of  Hagerstown  and  1,000  feet  north 
of  National  pike,  on  high  ground,  in  cleared  field  owned  by  Nicholas 
MaHin. 

Station  mark:  A  copper  bolt  cemented  in  solid  rock,  under  center 
of  signal. 

[Latitude  39''  39'  05.84".     Longitu^i  77^  44'  31.97' .] 


To  rtation- 

Azimuth. 

Back  azimuth. 

Lo|f.  distance. 

Fairview 

Qnirauk    .   .    .     .     . 

O          /                II 

91  32  00. 1 
255  41  01.2 
336  28  18.0 
160  42  52.2 

271  23  17.5 

75  49  48.7 

156  32  39.7 

340  38  14.6 

Meters. 

4.2907580 
4. 3078568 

Lookout 

4.3911174 

PameU 

4.4941249 

WEST  VIRGINIA. 
Triang^lation  Stations. 
In  conjunction  with  the  extension  of  primary  triangulation  into 
Pennsylvania  in  1899,  Mr.  Sledge  Tatum,  topographer,  established 
six  stations  in  Preston  and  Monongalia  counties,  and  during  the  sea- 
son of  1900  Mr.  W.  T.  Griswold,  topographer,  established  nine  stations 
in  Marshall,  Ohio,  Brooke,  and  Hancock  counties,  while  engaged  in 
the  extension  of  triangulation  from  Greene  County,  Pa.,  into  eastern 
Ohio. 

PINEY  SWAMP,  PRESTON   COUNTY. 

About  1  mile  northwest  of  Cranesville,  on  Piney  Swamp  Knob. 
Station  mark:  A  stone  post  36  by  12  by  12  inches,  set  flush  mtlv 
surfaoe  of  ground,  in  center  of  top  of  which  is  cemented,  a  ^o^^t  \ySSX». 
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[Latitude  39"  38'  29.08 ".    Longitude  79"  80'  47.10".J 


To  station - 


Reed 

Wymp 

KeUey 

Mellon ...  . . 

Accident 

Roman  Nose 


Azimuth. 


104  54  36.5 
129  82  58.4 
150  30  10.5 
185  28  58.8 
248  16  18.1 
305  25  13.3 


Back  aslmiith. 


284  42  51. 1 
309  23  23.6 
330  28  17.6 
5  29  47.8 
68  24  40.0 
125  30  87.5 


Log.  distance. 


Metera. 

4.4865044 

4.4407570 

3.9334630 

4.3198719 

4.8057954 

4.1744846 


KELLKY,  PRESTON   COIJNTY. 

On  a  bald  knob  locally  known  b}'  same  name,  about  6  miles  soutH 
of  Brandon ville,  Pa.,  and  8  miles  north  of  Cranesville,  W.  Va. 

Station  mark :  A  copper  bolt  cemented  in  a  stone  x)ost  36  by  12  by  12 
inches,  set  flush  with  surface  of  ground. 

[Latitude  39°  37'  31.13 ".    Longitude  79°  33'  44.23".] 

To  station— 


Wymp 

Pondfield  .... 

Mellon 

Piney  Swamp 


Azimnth. 

Back  azimuth. 

Log.  distance. 

o           #           w 

o          .          n 

Mtien. 

120  36  35.7 

300  28  58.6 

4.2970427 

145  36  58. 1 

825  31  36.8 

4.8261837 

204  59  31.0 

25  02  17.6 

4. 1674360 

330  28  17.6 

150  30  10.5 

3.9334630 

WYMP   GAP,  MONONGALIA   COUNTY. 

On  high  summit  1  mile  southwest  of  Wymp  Gap,  in  Chestnut  Ridge, 
about  9  miles  air-line  distance  northeast  of  Morgan  town,  W.  Va., 
and  16  miles  south  of  Uniontown,  Pa. 

Station  mark:  A  stone  post  36  by  12  by  12  inches,  set  flush  with 
surface  of  ground,  in  the  center  of  top  of  which  is  cemented  a  copper 
bolt. 

[Latitude  39^  42'  57.71 ".     Longitnde  79"  45'  40.28".] 


To  statiou— 


Reed. 

Waters 

St.  Clair 

Morley 

Pondfield  .... 

Mellon  _ 

Kelley 

Piney  SwamY> 


Azimnth 

Back  azimuth. 

Loir-  dlBtance. 

o 

o               ,              „ 

Meim, 

25  47  12.2 

205  44  55.7 

4.0688994 

54  18  28. 5 

234  08  48.4 

4.4268308 

78  48  54.2 

258  42  43.2 

4. 1494319 

94  13  55.6 

274  03  51.4 

4.3536430 

214  23  09.0 

34  25  25.3 

8.9532404 

261  57  14.8 

82  07  39.3 

4.3709214 

300  28  58.6 

120  36  35.7 

4.2970427 

309  23  23.6 

129  32  53.4 

4.4407570 
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RBBD,  MONONGALIA  COUNTY. 

On  a  high  summit  of  Chestnut  Ridge,  in  a  clear  field,  about  9  miles 
southeast  of  Moi-gantown  and  1  mile  west  of  Cheat  River,  on  land 
owned  by  James  Reed. 

Station  mark:  A  copper  bolt  cemented  in  solid  rock. 


[Latitude  39°  37'  15.52".    Longitude  79^  49  14.01".] 


To  station- 


Waters.. 
Morley . . 
St  Clair. 


Azimath. 


73  05  08.2 
125  00  48.8 
131  45  51.4 

Wymp I    205  44  55.7 

Kelley 268  40  25.8 

PineySwamp 284  42  51.1 


Back  azimuth. 


252  57  44.9 
304  53  01.7 
311  41  57.2 
25  47  12.2 
88  50  18. 7 
104  54  36. 5 


Log.  distance. 

Meter*. 

4.2392948 

4.3278602 

4.0691348 

4.0688994 

4.8459915 

4.4365044 


ST.  CLAIR,  MONONGALIA  COUNTY. 

In  a  pasture  on  a  bald  hill  owned  by  Mr.  E.  II.  St.  Clair,  about  4 
miles  northeast  of  Morgantown  and  1^  miles  south  of  Stewarttown. 

Station  mark:  A  bronze  tablet  countereunk  and  cemented  in  a 
dressed  stone,  42  by  12  by  12  inches,  set  flush  with  surface  of  ground. 

[Latitude  39"  41  28.58  .     Longitude  79   55'  21.04."] 


To  station- 

Azimuth. 

Back  azimath. 

o           *            '/ 

211  17  32.7 
296  44  41.3 
340  43  59.6 
10  01  47.4 
78  48  54. 2 
131  45  51.4 

Log.  distance. 

Waters 

31  21  02.2 
116  48  34.2 
160  46  31.0 
190  00  37.0 
258  42  43.2 
311  41  57.2 

Metertt. 

4. 1780100 

Morley 

Tnrkey 

3.9880410 
4. 2327348 

Faat 

4. 1777734 

Wymp 

4. 1494319 

Reed 

4.0691343 

WATERS,  MONONGALIA  COUNTY. 

On  a  cleared  knob  owned  by  Mr.  J.  S.  Waters,  about?  miles  south- 
west of  Morgantown,  and  H  miles  north  of  Little  Falls. 

Station  mark :  A  stone  post  36  by  12  inches,  set  flush  with  surface  of 
ground,  in  the  center  of  the  top  of  which  is  cemented  a  copper  bolt. 
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[Latitude  89"  34'  81.27".     Ix>ngitude  80"  GO'  49.46".] 


To  station— 


Morley. 
St.  Clair 
Wymp- 
Reed.  . 


Azimnth. 


177  08  22.3 
211  17  32.7 
234  08  48.4 
252  57  44.9 


BAfCk  asimiith. 


357  07  59.2 
81  21  02.2 
54  18  28.5 
78  05  08.2 


Loff.  dlstaaoe. 


Meters. 
4.2873975 
4. 1780100 
4.4268807 
4.2392948 


WILSONS  KNOB,  MARSHALL   COUNTY. 

Situated  in  Sand  Hill  district,  on  the  farm  of  Mr.  G.  H.  Wilson, 
near  the  line  fence  between  the  lands  of  Mr.  Wilson  and  Mr.  Howard, 
whei^e  fence  crosses  summit  of  hill.  The  Moundsville  and  Washing- 
ton pike  passes  over  north  side  of  hill. 

Station  mark:  A  cut  marble  post  48  by  6  by  6  inches,  set  40  inches 
in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze  triangu- 
lation  tablet. 

[Latitude  40^  00'  29.42  .     Longitude  80°  34'  06.77 '.1 


To  station- 

Azimuth. 

Back  asimnth. 

Log.  distance. 

Time      

291  10  43.8 
310  41  33.7 
348  12  04.9 

111  17  45.4 
130  48  17.3 
168  18  38.5 

Meters. 
4.2228438 

Bristoria 

Rocklick 

4.2948973 
4.2053434 

ROCKLICK,  MARSHALL  COUNTY. 

Situated  on  a  bare  hill  one-half  mile  south  of  the  town  of  Rocklick, 
W.  Va.     A  county  road  passes  on  north  side  of  hill. 

Station  mark:  A  cat  marble  post  48  by  6  by  6  inches,  set  36  inches 
in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze  triangu- 
lation  tablet. 

[Latitude  39   52  00.15  .     Longitude  80"  81'  48.78 '.J 


To  Btation— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Wilsons  Knob - 

168  13  33.5 
231  50  19.0 
256  13  07.0 
307  34  40.8 

O                t                II 

348  12  04.9 
51  55  51.4 
76  18  21.5 

127  39  19.7 

Meters. 

4.2058434 

Time                           

4.1948297 

Bristoria 

4. 0791963 

Oak 

4.1168382 
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WEST  ALEXANDER,  OHIO   COUNTY. 

(Secondary  station.) 

Situated  on  a  hill  1  mile  west  of  the  town  of  West  Alexander,  Pa. 

Station  mark :  A  cut  marble  post  40  by  6  by  6  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
jtngulation  tablet. 

Reference  marks:  A  maple  tree  2  feet  in  diameter  bears  N.  85°  56' 
W,,  distance  72.1  feet;  a  butternut  tree  10  inches  in  diameter  bears 
S.  52°  26'  E.,  distance  15  feet. 

[Latitude  40°  05'  48.62".    Longitude  80°  31'  41.59'.] 


To  station- 

Azimuth. 

Back  a2dinuth. 

Log.  distance. 

Wilsons  Knob , 

o            /                 // 

19  15  19.31 
50  30  02.08 

1 
"       1         Meters. 

199  13  46.06  1        4.0179782 

Sherrard 

2.30  23  48. 15            4. 2521001 

INDEPENDENCE,  BROOKE   COUNTY. 

Situated  2  miles  southwest  of  the  village  of  Independence,  Pa.,  on 
a  grassy  hill  on  land  owned  by  Mr.  Grest.  There  is  a  small  bunch 
of  locust  trees  on  south  side  of  hill ;  also  a  short  line  of  locust  trees 
on  east  side,  near  summit. 

Station  mark:  A  cut  marble  post  40  by  6  by  6  inches,  sunk  30 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  triangulation  tablet. 

[Latitude  40°  15'  06.08".    Longitude  80°  82'  29.32".] 


To  station— 

Azimuth. 

Back  azimath. 

LofiT.  distance. 

West  Liberty 

'  38  01  42.  51 

58  27  33. 56 

106  07  03.27 

212  59  23.54 
238  17  59.54 
286  01  22. 01 

Meters. 

3. 9704718 

Mount  Pleasant 

4. 3938130 

New  Alexander  ..   

4. 1133566 

ALLISON,  HANCOCK   COUNTY. 

Situated  3  miles  south  of  the  village  of  East  Liverpool,  on  a  cleared 
hill  on  land  owned  by  Mr.  Allison.    * 

Station  mark:  A  cut  marble  post  48  by  6  by  6  inches,  sunk  36 
inches  in  the  ground,  in  the  qenter  of  top  of  which  is  cemented  a 
bronze  triangulation  tablet. 
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[Latitade  40*^  35'  42.41' .    Longitude  80'  34'  01.89 ".] 


To  station- 

Azimuth. 

Bftck  azfmath. 

LiOff.  distance. 

Elders 

Hammond 

o               /                   »» 

89  54  31.77 
133  48  37.93 
209  41  34.97 

ae9  43  49.10 

813  44  30. 76 

29  43  00.50 

Meters. 

4.865»427 
4.0918031 

Cow  Pastnre 

3.7946464 

WEST  LIBERTY,  OHIO   COUNTY.' 

Situated  one-half  mile  north  of  the  village  of  West  Liberty,  on  the 
highest  point  of  a  bare  hill.  A  county  road  passes  along  east  side  of 
hill. 

Station  mark:  A  cut  marble  post  48  by  6  by  6  inches,  set  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulation  t-ablet.  '^ 

[Latitude  40    10'  52.03  .     Longitude  80    36    04.55".] 


To  Htation— 

Azimath. 

Sherrard                » 

0            /            " 

20  00  34  66 

Monnt  Plea*wvTit 

72  16  23.96 

New  Alexander 

147  or  42.89 

Indei)endence    ... 

212  59  23.54 

Back  azimuth. 


199  57  09.72 

252  09  09. 19 

327  04  20.90 

33  01  42.51 


Lo^.  distance. 

Meters. 

4.3437009 

4.2241846 

4.1338984 

3.97047.8 


CLINTON,  OHIO    COUNTY. 

(Secondary  station,  not  occupied.) 

Lone  tree  at   intersection  of  fences  on  highest  point  of  hill  near 
Clinton  post-office. 

[Latitude  40    07'  18.93  .     Longitude  80    39  05.59  .] 


To  station— 


Sherrard . 


Azimuth. 


Baok  azimuth. 


13  04  52.84  1  193  03  24.54 


Myers 44  17  52.96  |  224  11  47.70 

Wilsons  Knob 330  21  55. 03     150  25  05. 10  I 


Jjog.  distance. 

Meters. 
4.1578221 

4.2850889 
4. 1567300 


SHERRARD,    MARSHALL   COUNTY. 

Situated  1  mile  west  of  the  village  of  Sherrard  on  a  small  hill  in  a 
cleared  field  on  the  farm  of  Mr.  Joseph  Koty,  at  the  intersection  of 
the  Boggs  Run  and  Benwood  roads. 


WII.80X  ET  AL.] 


OHIO. 


129 


Station  mark:  A  cut  marble  post,  t8  by  G  by  0  inches,  set  .'JO  inches 
ill  the  gn>un(l,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulatioii  tablet. 

[Latitude  3r  59'  39.70  .     Longitude  80   41  22.81  -1 


ToKtatioD- 


Azimuth. 


Back  as&iiiinth.      Lo^-  distam^. 


Biggs  Knob... 1     19  31  27.57 

Myers ,    91  09  22. 42 

Centennial '  124  04  47.46 

Mount  Pleasant... 151  ;J9  ;n.51 

Clinton ,  193  03  24.54 

Liberty '  199  57  09.72 

West  Alexander 2;J0  2;J  48.15 

Wilsons  Knob .1  261  30  28.43 

Rock  Lick ...|  316  02  51.78 


199  18  5;i.  15 
271  04  45.82  , 
301  01  30.34 
331  35  42.42  I 
13  04  52.84  : 
20  00  34.615 
50  30  02. 08  ' 
81  35  08.88  ' 
136  01)  00.37 


4.2370223 
4.0090858 
3. 9432300 
4.2492017 
4. 1578221 
4.3437009 
4.2521000 
4.0196571 
4.2936870 


KIGOS   KNOB,    MARSHALL  COUNTY. 

Situated  (J  miles  south  of  tlie  town  of  Moundsville  on  tlie  lii^liest 
point  of  a  cone-shaped  hill  locally  known  as  li'igix^  Knob. 

Station  mark:  A  lone  locust  tree,  18  Indies  in  diameter.  CenU^rof 
tree  wliei'e  first  limb  leaves  trunk. 

[Latitude  39   50  51.66  .     Longitude  80   45  23.44' .] 


To  Htatiou— 


Azimuth. 


Ba<^k  Hzimiith.      lx>^r.  distance. 


Beallsville    '    89  53  50.89 

Myers j  164  43  47.81 

Sherrard 199  18.53.15 

WUsonsKnob 1  221  59  08.76 

Rock  Lick j  263  41  30.14 


269  45  19.11 

344  41  46.06 

19  21  27.57 

42  06  23.  i'2 

83  50  12.37 


Mettrs. 

4.2835700 
4. 2327314 
1.2370223 
4.  ;J802400 
4.2897152 


OHIO. 

Triangulation  Stations. 

The  following  triangulation  stations  in  eastern  Ohio  were  estab- 
lished by  Mr.  W.  T.  Griswold  during  the  field  sciuson  of  10(K),  and 
result  from  the  extension  of  the  work  in  Maryland,  Pennsylvania, 
aud  West  Virginia,  from  Maryland  Heights  and  Sugarloaf,  stations 
of  the  Coast  and  Gteodetic  Survey,  the  positions  given  being  on  the 
United  States  standanl  datum. 
Bull.  181—01 y 
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EAST  LIVERPOOL,  COLUMBIANA   COUNTY. 

(Not  occupied.) 

Memorial  chapel  in  the  eemeter}^  at  East  LiveriKX)!. 
Station  mark:  Cap  on  monument  of  soldier. 

[Latitude  40   88  15.68  .    Longitude  80°  W  24.10 '.] 


To  Btation- 


Hammond 


Asimath. 


114  80  16.57 


Back  azimuth. 

Log.  distance. 

o 

Mett^t. 

294  36  23.76 

3.96492 

178  41  45.23 

,            3.67712 

Allison 353  41  30.73 


HAMMOND,  COLUMBIANA   COVTNTY. 

Situated  2  miles  east  of  the  village  of  Glasgow,  on  the  highest  point 
of  a  knob  known  locally  as  *'  Hammonds  Knob." 

Station  mark:  A  cut  marble  post  40  by  6  by  6  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet,  marked  **U,  S.  Geological  Survey,  Ohio." 

[Latitude  40^^  40'  19.50".     Longitude  80'  40  21.46".] 


To  station— 


Wintersville  . . 

Elders    

Kensington  . . 
East  Liverpool 
Allison 


Azimuth. 

Back  azimuth. 

Lo^.  distance. 

o 

Meters. 

9  29  54.97 

189  27  36.41  ' 

4.4836287 

58  57  24.93 

238  50  48.93 

4. 2224370 

laS  44  59.61 

283  34  21.24  1 

4.3739205 

294  26  23.  76 

114  30  16.57  ; 

3.  9649200 

313  44  30.76 

133  48  37.93 

4. 0918031 

NEW   ALEXANDER,  JEFFERSON   COUNTY. 

SitiuitcHJ  1  mile  southwest  of  the  village  of  New  Alexander,  in  a 
clearcMl  lickl  on  west  side  of  county  road,  a  quarter  mile  beyond  j)oiut 
at  which  it  leaves  the  New  Alexander  and  Bloomingdale  pike. 

Station  mark:  A  cut  marble  post  24  by  6  by  6  inches,  sunk  l*  feet 
below  surface  of  the  ground,  in  center  of  toj)  of  which  is  cemented  a 
bronze  triaiignlation  tablet. 

Reference  nuirks:  Large  tree,  true  bearing  N.  53°  20'  E.,  distant  272 
f<»et.  Small  tree,  true  bearing  S.  l^  :U'/  W.,  dist^iut  131  feet.  Old 
stumi)  in  field,  true  bearing  N.  08'  30'  W.,  distant  14.7  feet. 


WILSON  BT  xu.]  OHIO. 

[Latitude  40'  17'  02.55 ".    Longitude  80   41'  17.38".] 
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To  station- 


Mount  Pleasant 

Hopedale  

Wintersville 

Independence  . . 
West  Liberty  .. 


Aximnth. 


27  21  07.51 
110  23  d0.02 
164  08  12.73 
286  01  22.01 
827  04  20.90 


Back  azimuth.  >  Log.  distance. 


207  17  14.17 
290  17  09.61 
344  06  30.92 
106  07  03.27 
147  07  42.89 


Meters. 

4.2700856 
4. 1817202 
4. 1825490 
4. 1133566 
4.1338982 


WINTERSVILLE,  JEFFERSON   COUNTY. 

Situated  2  miles  northwest  of  the  village  of  Wintersville,  on  a  cone- 
shaiHMl  liill  on  land  owned  by  Mr.  Mays.  The  Wintersville  and  New 
Richmond  pike  passes  over  east  side  of  hill. 

Station  mark:  A  cut  marble  post  40by  6  by  G  inches,  sunk  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet,  marked  "U.  S.  Geological  Survey,  Ohio." 

[Latitude  40   24'  05.70".     Longitude  80'  43  54.56".] 


To  station- 


Hopedale    

Jefferson 

Elders . . 

Hammond 

New  Alexander 


Azimnth. 


53  36  10.90 

94  42  21. 10 

156  33  87.87 

189  27  36.41 

344  06  30.92 


Back  azimuth.     Log.  diHtani'e. 


I 


233  31  31.07 
274  33  35.99 
336  29  21.35 
9  39  54.97 
164  08  12.73 


Meters. 

4.1166735 
4.2824762 
4.3682786 
4.4836287 
4. 1325490 


CENTENNIAL,    BELMONT  COUNTY. 

(Secondary  station.) 

Sitimt^^d  2i  miles  northwest  of  tlie  city  of  Bellaire,  on  land  owned 
by  William  Nichol. 

Station  mark:  A  lone  pine  tree  on  highest  i)oint  of  hill. 

[Latitude  40   02  19.01".     Longitude  80   46'  29.36  .] 


To  Htation- 


Myers  . 
Sfaerrard. 


Azimuth. 


Back  azimutli.     liOg.  distance. 


31  55  36.99 
304  01  30.34 


211  54  17.38 
124  04  47.46 


I 


Meters. 
3. 7445933 
3. 94^32353 
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MOUNT  PLEASANT,    BELMONT  COUNTY. 

Sit  urUmI  near  Morniiigview  post-office,  on  the  north  end  of  a  bare 
hill  on  ilie  west  side  of  the  Wheeling  and  Mount  Pleasant  pike,  on 
land  owniKl  by  Mr.  Goif. 

St4ition  mark:  A  cut  marble  post  40  by  0  by  <>  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulation  tablet  marked  **U.  S.  Geological  Survey,  Ohio." 

[Latitude  40   08  00.07  .    Longitude  80  47  18.78".] 


To  station— 


Asimath. 


Back  asimath.     Lo((.  distanoe. 


Myers               i      6  32  00.56  186  31 

Gallaway ,    48  45  10.34  228  38 

St.  Clairsville    - j    58  03  07.29  f  237  58 

ClarksHill '    77  26  58.01  257  20 

Cadiz  court-house 130  39  47.88  210  31 

Cadiz.       133  05  59.66  312  57 

Hopedale 165  20  26.93  345  17 

New  Alexander 207  17  14.17  27  21 

Independence    238  17  59.54  58  27 

WestLiberty ,2520909.19  72  16 

Sherrard.   '  331  35  42.42  151  39 


12.65  I 
05.78  = 
45.00  ; 
13.51 
40.34  I 
87.85  I 
50.68  , 
07.51  I 
38.56 
23.96 
31.51 


Mrteis. 

4.1908702 
4.3180322 
4.0555471 
4. 1827579 
4.3715800 
4.4004881 
4.8584510 
4.2700856 
4.8988130 
4.3241846 
4.3493017 


I 


MYERS,    BELMONT  COUNTY. 

Situated  4  niil(\s  soutliwest  of  the  city  of  Bellaire,  on  a  cleared  knob 
on  land  owned  by  Mr.  P.  H.  Myei-s. 

Station  murk:  A  cut  marble  post  4iS  by  G  by  G  inches,  set  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation tablet,  marked  **U.  S.  Geolo^ic^l  Survey,  Ohio." 

[Latitude  39   51)  40.10  .     Longitude  80   48'  33.17  ".] 


To  statioii- 


Azimnth. 


Beallsville _ 4139  03.80 

Jacobsburg 68  34  01.77 

Gallaway 90  59  49.03 

Mount  Pleasant 1180  31  12.65 

Centennial I  211  54  17.38 

Clinton 224  1147.70 

Sherrard. 27104  45.82 

RiggsKnob     ! 344  4140.06 

I  


Back  azimuth. 

221  32  26.97 

248  31  07. 18 

276  53  33.03 

0  32  00.56 

31  55  36.99 

44  17  52.97 

91  09  22.42 

104  43  47.81 


Log.  distance. 

Meters. 
4.3447990 
3.8405264 
4. 1453970 
4. 1908702 
3.7445900 
4.2850900 
4.0090858 
4. 2327314 
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Situated  one-half  mile  south  of  the  village  of  Monroeville,  on  land 
owne<l  by  Mr.  Elder. 

Station  mark:  A  cut  marble  post  48  by  6  by  0  inches,  sunk  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cement<Hl  a  bronze  tri- 
angulation  tablet  marked  **U.  S.  Greo logical  Survey,  Ohio." 

[Latitude  40"  85'  40.04' .     Longitnde  80"  50*  29.55  .] 


To  station- 


Jefferson  ... 
Carrollton  . . 
Kensington  . 
Hammond . . 

Allison 

Wintersville 


Azimuth. 

26  18  45.61 
82  57  51.91 
148  80  40.69 
288  50  48.98 
269  48  49.10 
386  29  21.40 


Back  aadmnth.  I  Log.  distance. 


206  09  16.01 
262  50  29.70 
828  26  39.02 
58  57  24.98 
89  54  31.77 
156  88  37.87 


Meters. 

4.8452806 

4.2070680 

4.2218875 

4.2224370 

4.8659427 

4.8682786 


HOPEDALE,  JEFFERSON  COUNTY. 

Situated  2  miles  west  of  Bloom ingdale,  on  the  north  side  of  the 
Bloomingdale  and  Hopedale  pike,  on  the  highest  point  of  hill  in 
cleared  field  belonging  to  S.  N.  Beall. 

Station  mark:  A  cut  marble  post  24  by  4  by  4  inches,  sunk  24  inches 
under  surface  of  ground,  **U.  S.  G,  S."  marked  on  top  of  post. 

[Latitude  40"  19'  53.80 '.     Longitude  80^  51'  20.65  '.] 


To  statioc- 


Azimuth. 


Cadiz  Couri-House 61  46  20.94 


Qidiz 

Jefferson 

Wintemville  .  .. 
New  Alexander  . 
Mount  Pleasant . 


69  46  06.04 
187  22  06.82 
238  31  31.07 
290  17  09.61 
345  17  50.68 


Back  azimnth.     Lo^;.  distauce. 


o 

Meters. 

241  40  48.88 

4. 1388282 

249  40  19.70 

4. 1295800 

317  18  11.04 

4. 10.28039 

53  36  19.99 

4.1166735 

110  23  39.92 

4. 1817202 

165  20  26.93 

4.3534510 

JACOB8BURG,  BELMONT  COUNTY. 

Situat.ed  on  the  top  of  Mr.  Roliert  McKelvey's  house.  Signal  was 
placed  on  roof  within  railing.  The  center  conies  at  edge  of  second 
layer  of  tin  from  south  railing  and  in  center  of  cuipola  east  and  west. 
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[Latitude  39°  58'  24.01 ".     Longitude  90"  53'  04.87  '.] 


To  Btation— 

Azimuth.           Ba<^.k  azimuth.     Log.  distam^e. 

i 

Beallsville  .     

O                 t                  II 

80  28  36.52 
119  38  37.92 
248  31  07. 18 

Meters. 
210  24  54. 13  !        4. 2108474 

Qallaway      

Myers .     

299  35  16.63  !        3.9318086 
68  34  01.77           3.8405264 

ST.  CLAIRSVILLE   COURT-HOUSE,  BELMONT  COUNTY. 

(Not  occiipie<l.) 
St.at.ion  mark:  Center  of  cupola  on  court-house. 

[Latitude  40°  04'  50.90".     Longitude  80"  54'  05.72 '.J 


To  Htatiou— 

Azimuth. 

Back  azimnth. 

Itng.  distance. 

Mount  Pleasant    

237  58  45.00 
297  53  05.27 

o 

58  08  07.29 
118  61  16.04 

Meters. 
4.0555471 

Sherrard 

4.3112543 

KENSINGTON,  CARROLL  COUNTY. 

Situated  1  mile  south  of  Kensington  on  the  highest  point  of  a  wooch»<l 
hill.     A  county  road  passes  over  the  south  side  of  the  hill. 

Theodolitrc^  elevated  fJO  feet. 

Station  mark:  A  cut  marble  post  48  by  (>  by  «>  inches,  sunk  30  inc^hes 
in  the  ground,  in  the  center  of  top  of  which  is  cement-ed  a  bronze^  tri- 
angulation  tablet  marked  "U.  S.  Cxeological  Survey,  Ohio." 

[Latitude  40"  4.T  20.61'  .     Longitude  80^  56  40.47".] 


To  station- 


Carrollton 
Hammond 
Elders  . . . . 


Azimuth. 


Back  azimuth.   '  Ijog.  (liHtaii<*«». 


o        /        ,/              o        '        .-        j  Mvters. 

24  09  27.05  i  204  06  05.89  ,  4.2491471 

283  34  21.24     103  44  59.61  [  4.8789205 

328  26  39.02     148  30  40.69  I  4.2218375 


JEFFERSON,  HARRISON   COUNTY. 

Situated  on  a  bare  hill  one-fouHh  mile  northwest  of  the  town  of 
JefT(n*son,  between  the  forks  of  the  New  Philadelphia  and  the  Carroll- 
ton  i-oa<ls,  on  land  owned  l>y  Samuel  Meed. 

Station  mark:  A  cut  marble  post  42  by  0  ])y  0  inches,  sunk  30  inches 
in  the  jri'ound,  in  center  of  top  of  which  is  cemented  a  bronze  trianjifu- 
^Hfion  tnhlot  mavkiHl  "\J.  S.  (Teolo«i:ical  Survey,  Ohio." 
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To  station- 


Azimutb. 


Cadiz 

Carrollton  ... 

Elders 

Wintersville  . 


16  08  19.68 
160  48  24.64 
206  09  16.01 
274  33  a5.99 

Hopedale '  317  18  11.04 

I 


Back  azimuth.  ;  Log.  difltance. 


196  06  28.74 

340  45  32. 78 

26  13  45.61 

94  42  21.10 

137  22  06.82 


Meters. 
4. 1631951 
4.2772402 
4.3452306 
4. 2824762 
4. 1028039 


CLARKS  HILL,  BELMONT  COUNTY. 

Situated  1  inilo  east  of  Bannock  station,  sontli  of  the  Cleveland, 
Loniin  and  Wheelinji:  Railway,  on  the  snmn\it  of  a  hill  owned  by  the 
hell's  of  Mr.  Samuel  Clark. 

Station  mark :  A  cut  marble  post  r>  by  0  inches  on  top  and  ext-end- 
inji:  to  ()  by  12  inches  at  bottom.  It  is  24  inches  hmj^:,  sunk  25  inches 
in  the  ground,  and  set  in  cement.  In  the  center  of  the  top  is  cemented 
a  bronze  triangulation  tablet  marke<l  '*IT.  S.  (ieological  Survey,  Ohio." 

[Latitude  40"  06'  18.28' .     Longitude  80^^  57  46.47".] 


To  station— 


Azimuth. 


Gallaway •      4  07  10.89 

Cadiz 1170  13  03.93 


Mount  PleaHant . 


Bark  azironth.     Log.  dintance. 


184  06  50.55 
350  11  27.43 

257  20  18.51   77  26  5H.01  \ 

I 


Me  tern. 
4.0183311 
4.3177623 
4. 1827579 


GALLAWAY,  BELMONT  COUNTY. 

Situat<:^d  4  miles  southeast  of  Belmont  and  2  miles  south  of  Lewis 
Mills,  on  the  summit  of  a  bare  hill  owned  by  Mr.  (iallaway. 

Station  mark:  A  cut  marble  post  40  by  0  by  0  inches,  set  'M\  inches 
in  tlie  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
trianj^ulation  tablet  marked  '*  V.  S.  (Geological  Survey,  Ohio.'' 

[Latitude  40"  00'  40. 95  .     Longitude  80"  58  18.07  .] 


To  station- 


Azimath. 

Beallsville 2  29  55.83 

ClarksHill 184  06  50.55 

Mount  Pleasant 228  38  05.78 

276  53  33.03 
299  35  16.63 


Back  azimatb.     T.iOg.  distance. 


Myers 

Jacobsbnrg . 


182  29  34.33 

4  07  10.89 

48  45  10.24 

96  59  49.03 

119  38  37.92 


Meters. 

4.2612655 

4.0iaS311 

4.3180322 

4. 1453970 

3.9818086 
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BEALL8VILX.E,  MONROE   COUNTY. 

Situated  3  miles  east  of  the  town  of  Beallsville,  on  the  hiprhest  point 
of  a  bare  hill  on  the  farm  of  the  Gale  brothers. 

Station  mark:  A  cut  marble  post  48  by  0  by  0  inches,  set  4()  inches 
in  the  ground,  in  the  center  of  t/op  of  which  is  cemente<l  a  bi*onze 
t.riangulation  tablet  marked  *'U.  S.  Geological  Sur\"ey,  Ohio." 

[Latitude  «0   50  40.78.     Longitude  80  58  51.54".] 


To  station—                                      Azimuth.          Back  azimuth.     Lofir.  diRtanoe. 
I . 

I      ^        '  "        ;      '         '  "  Metrra. 

Gtellaway. i  183  29  34.33         2  29  55.83  4.9B12655 


Jacobebnrg 210  24  53.13       30  28  36.52  4.2108474 

Myers J  221  32  26.97       41:19  03.80  4.3447990 

RiggsKnob 209  45  19. 11       89  53  56.89  ,        4.28:^5700 


CADIZ   COURT-HOUSE,    HARRISON   COUNTY. 

(Not  occupied.) 
Station  mark :  Center  of  cupola  on  court-house. 

[Latitude  40    16  22.39  .     Longitude  HO  59  54.02 '.J 


To  station—  Azimuth.  Back  azimuth.      L<^.  diatanre. 


Hopedale  ...    241   40  4.S.H8       (il   4<i  20.94  4.  i:«82:« 

Mount  Pleasant 310  :n  40.  :^4  ,  l:J0  IV.)  47.  ss  4.  ;371530: 


CADIZ,    HARRISON    COUNTY. 

Situated  1  i  miles  north  of  the  town  of  C'a<liz,  on  a  hill  locall^^  known 
as  'Mhc  Sand  Lot,"  on  land  owned  by  Louis  Rider,  at  forks  of  road 
to  TLinovcr  and  Rumlcy. 

Theodolite*  elevated  52  feet. 

Station  mark:  A  cut  marble*  post  48  by  (>  by  0  inches,  sunk  30  inches 
ill  jj:round,  in  <'enter  of  U}\)  of  which  is  c(Mnented  a  bronze  trian(i:ula- 
tion  tablet  marked  '"V.  S.  (Tcoloj^ieal  Survey,  Ohio." 

[Latitude  40    17  22..%.     Longitude  HI    (K)  15.98  .] 


To  .station  Azimuth.  Riii'k  azimuth.  !  Lof?.  dist-nnce. 


Jefferson 190  00  28. 74        16  0^  19. 08 

Hopedale     ..      241)40  19.70       09  40  00.04 

Mount  Ph'a.sant  :^12  57  :{7.  8.-)     18:?  or,  59. 66 

ClarksHill :r>0  11  27.4:i  I  170  13  03.92 

I 


Meters. 

4. 16:«951 
4.1295800 
4.4004381 
4.3177623 
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SitnatcKl  2^  miles  east  of  the  town  of  (-arrollton,  on  the  S(n*oj?gsfield 
roacl,  on  land  owned  by  Mr.  Canipl>ell. 

Station  mark :  A  cut  marble  i>ost  40  by  0  by  6  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angnlation  t^l^let  marked  "IJ.  S.  Oeological  Survey,  Ohio." 

[Latitude  40"  34'  35.51' .    Longitude  81"  01'  49.27  ".] 


To  station- 


I 


Azimuth. 


Kensington 204  06  05.89 

Elders    262  50  29.70 

Jefferson 340  45  32.78 


Back  azimath. 


24  09  27.05 

82  57  51.91 

160  48  24.64 


Log.  distance. 


Meters. 
4.2491471 
4.2070630 
4.2772402 


Primary  Traverse. 

One  hiindreil  and  ten  geographic  positions  in  northeastern  Ohio 
were  determined  by  primary  travei'se  during  Octol)er,  November,  and 
December,  1900,  by  Mr.  E.  L.  McNair,  and  based  upon  three  stations 
of  tlie  Unit^Kl  Statues  Lake  Survey — (^laridon,  Warrensville,  and 
Grafton. 

Circuits  were  completed  as  follows:  I.  Southward  from  Warrens- 
ville triangulation  station  to  Hudson;  thence  to  Ravenna;  then<»e  by 
highways  northward  to  Claridon  triangulation  station.  11.  South- 
ward from  Hudson,  located  by  first  traverse,  to  Akron;  westward  to 
Sterling;  thence  northward  to  Gittfton  triangulation  station.  III. 
Westwaixl  from  Sterling  to  the  eightj^-second  meridian;  thence  south- 
ward to  Wooster,  eastwai'd  to  Canton;  thence  northward,  closing  on 
Akron.  A  spur  line  was  iiin  from  Wooster  southwestward  4  miles 
to  Millbrook.  IV.  Southward  from  Ravenna  to  Bayaiil,  thence  west- 
waM  to  Canton.  V.  Eastward  from  Bayard  to  Kensington  triangu- 
lation station,  which  was  located  through  a  series  of  triangles  270 
miles  in  axial  length,  base<l  upon  Marjiand  Heights,  Sugar  Loaf  sta- 
tions, and  on  United  States  standard  datum  of  the  Coast  and  Geodetic 
Survey. 

The  position  of  Kensington  triangulation  station,  as  computed 
through  the  traverse  from  the  lake  survey  stations  compared  with 
that  computed  through  the  triangulation  upon  the  United  States  stand- 
ai-d  datum,  shows  a  discrepency  of  23  feet  in  latitude  and  15  feet  in 
longitude,  the  latter  giving  a  location  north  and  west  of  the  former. 
As  this  is  a  connection  between  two  entirely  different  systems  of  tri- 
angulation the  discrepancy  is  very  small  and  is  partly  attributable  to 
station  error  and  partly  to  erroi^s  in  the  traveree  lines  and  trianguhv 
tion.  This  error  was  distributed  in  the  traverse  line  between  Bayard 
and  Kensington. 
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Geographic  poftitions  hettoeen  Warrensville  triangulation  station^  United  States 
Lake  Survey,  awl  Bedford^  via  highways. 


Stations. 


Latitude. 


Warrensville  triaDgolation  Station 4128  89.24 

Randall  station,  Erie  Rwy.,  about  one-foarth  mile 

west  of,  road  crossing  near  post-office 41  25  42. 6 

Bedford  station,  Cleveland  and  Pittsburg  Rwy 41  23  24. 1 


Lon^tude. 


81  .'iO  12.88 

81  32  12.0 
81  32  09.8 


Oeographic  positions  along  Cleveland  and  Pittsburg  Railuxiy,  hettoeen  Bedford  and 

Kensington. 


SUtionB. 

Latitude. 

I.<on^tade. 

Macedonia  station 

41  18  48.3 
41  15  37.6 

81  30  .37.3 

Hudson,  Western  Reserve  Academy  Observatory 

81  26  14.9 

Portage  and  Summit,  county  line 

41  12  45. 3 

81  23  33.2 

Earlville  station                .       .  .                 

41  11  21.0 
41  10  18.4 

81  20  42.8 

Erie  Rwy.  crossing 

81  18  40.7 

Ravenna,  Main  street  crossing 

41  09  28.0 

81  14  52.5 

Ravenna,  Pittsburg  and  Western  Rwy.  crossing 

41  08  56.4 

81  14  44.6 

Rootstown  station,  road  crossing  150  feet  north  of 

41  06  18.4 

81  12  52.7 

Road  crossing  15  feet  south  of  milepost  45. .   

^1  04  38.2 

81  11  40.5 

Road  crossing  G55  feet  north  of  milepost  48     

41  02  21.2 

81  10  20.6 

Al  water  station  road  crossing  205  feet  south  of . . 

41  01  25.4 

81  09  50.8 

Portage  and  Stark  counties,  road  crossing  on  county 

line 

40  59  17.4 
40  56  27. 5 

81  08  41.2 

Road  crossing  1,695  feet  south  of  milepost  55 

81  06  57.0 

Alliance,  Alliance  and  Northern  Rwy.  crossing 

40  55  33.0 

81  06  04.4 

Alliance,  Pittsburg,  Fort  Wayne  and  Chicago  crossing. 

40  55  18.6 

81  a5  45.0 

Alliance  station ... 

40  55  17.1 

81  05  43.2 

Stark  and  Mahoning  counties,  road  crossing  on  county 

line     

40  54  44. 1 

81  Oo  13.8 

Road  crossing  1,070  feet  north  of  milepost  61              

40  52  20.4 

81  04  08.3 

Homeworth  station,  road  crossing  55  feet  south  of 

40  50  14.8 

81  04  04.4 

Moultrie  station,  road  crossing  255  feet  south  of 

40  47  47.8 

81  04  14.3 

Bayard  station 

40  45  02. 7 

81  03  58.4 

East  Rochester  station,  road  crossing  700  feet  east  of  . . 

40  44  41.8 

81  02  06.3 

Hanover-West  township  line 

40  44  00.5 

80  58  32.2 

Kensington  station .  roa<l  crossing  150  feet  west  of 

40  44  05. 3 

80  57  23.3 

Kensington  trinngnlacion  station  .    

40  43  20.6 

80  56  40.5 
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Oeogmphic  ptmiitmH  alcnig  Cleveland^  Akron  ami  Colnnilnm  Railivfiy^  Hwlson  to 

Akron, 


Stations. 


Flag  station,  road  crossiDg  at,  1,770  feet  sonth  of  mile- 
poBt3 

Road  crossing  1 ,370  feet  north  of  milepost  6 

Cnyahoga  Falls  station 

Road  crossing  1 ,025  feet  south  of  milepost  10 

Cleveland,  Terminal  and  Valley  Rwy.  crossing,  stone 
arch 

Akron,  Union  station 

Akron,  conrt-hoose  grounds,  sonth  meridian  mark 

Akron,  conrt-honse  grounds. north  meridian  mark  ... 


Latitude. 


41  11  52.4 
41  09  50.3 
41  08  06. 9 
41  06  08. 1 

41  05  08.5 
41  04  58.7 
41  04  44.8 
41  04  47.8 


Longitude. 


81 
81 
81 
81 

'81 
81 
81 
81 


27  53.8 

28  10.8 

28  52.0 

29  23.0 

29  24.3 

30  34.8 

31  05.0 
31  05.0 


Oeographie  poidtiomt  along  Erie  BaihtHiy^  Akron  to  Burtmnk. 


Stations. 


Akron,  Erie  station,  2f  miles  west  of,  old  canal  crossing 
Road  crossing  (Baltimore  and  (.hio  Rwy.),  2,200  feet 

southwest  of  milepost  IH 

Barberton  station 

Sherman  station 

Wadsworth  station..  .   

Road  crossing  one-half  mile  west  of  milepost  217 

Rittman  station 

Sterling:  Cleveland,  Lorain  and  Wheeling  crossing 

Creston  station 

Road  crossing  370  feet  east  of  water  tank 

Bnrbank  station 

Baltimore   and    Ohio   crossing   (Lodi    and  Wooster 

branch) ... 


I 

Latitndo.  Lnnf^itnde. 


41  02  46. 1 

41  01  56.4 
41  01  13.2  ' 
41  00  50.  4 
41  01  02.7 
40  59  46. 5  I 
40  58  06.4  I 
40  58  10.9 
40  58  56. 6 
40  59  22. 8 
40  59  24. 2 

40  59  19.4 


81  32  35.7 


81  34 
81  86 
81  40 
81  43 
81  44 
81  46 
81  50 
81  53 
81  57 
81  59 


52.1 
36.5 
05.0 
46.6 
55.5 
55.2 
52.7 
33.2 
30.2 
50.1 


82  01  33.7 
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Geofjraphic  jtoititionH  along  Cleveland,  Lorain  ami  Wlieeling  Railway,  from  Ster- 
ling to  Graft  on  triangnlation  ntation  ( United  Stalest  Lake  Survey), 


stations. 


SterliDg,  Erie  Rwy.  crossing 

Seville  station 

Road  crossing  3,. "MO  feet  soath  of  milepost  39. 
Flag  station  40()  feet  sonth  of  milepost  87  .  . . . 


Latitude. 


Lonieitnde. 


40  58 

41  00 
41  02 
41  04 

Road  crossing  250  feet  north  of  milepost  34 |  41  07 

41  08 

41  10 

41  10 

41  il 


Medina  station 

Road  crossing  3,150  feet  sonth  of  milepost  29 

Lester  station 

Erhart  station 

Grafton  triangnlation  station   (United  States  Lake  , 
Snrvey) 41  12  44.21 


10.9 
30.5 
39.8 
37.6 
16.1 
18.8 
01.9 
48.2 
55.2 


81  44 
81  51 
81  58 
81  53 
81  53 
81  52 
81  55 
81  56 
81  58 


55.5 
50.5 
04.0 
39.8 
03.3 
24.3 
13.2 
31.5 
21.1 


81  59  37.85 


Oeographic- positums  along  Lo<li  and  Wooster  brandi  of  liaUimore  and  Ohio  Rail- 
road, from  Erie  croasing  to  Wooster. 


stations. 


Latitnde. 


Erie  crossing |  40  59  19,4 

Road  crossing  at  flag  station '  40  57  08.3 

Armstrong  flag  station 40  54  42. 0 

Overton  flag  station   . . 40  5151.0 

Road  crossing  IMM)  feet  south  of  water  tank 40  48  38. 1 

Wooster  fair  gi  onnds,  sonth  meridian  mark. 40  47  50. 3 

Wooster  fair  gronnds.  nort  h  meridian  mark 40  47  55. 6 

Wooster  station,  Baltimore  and  Ohio  R.  R 40  47  43. 6 


Lon^tnde. 


82  01  33.7 

82  01  27.7 

82  00  34.0 

82  00  32.. 'J 

81  58  51.0 

81  57  03.5 

81  57  03.5 

81  50  55. 1 


Gemjraphic  imsHionH  along  Pittsburg,  Fort  Wayne  and  Chicago  Railiray,  from 

Millbrook  to  Ornnlle. 


stations. 


Bridge  121,  northwest  comer  of,  copper  bolt  in  bridge 

abntment - 

Road  crossing  1(X)  feet  east  of  bridge  121 ' 

Overhead  road  crossing. 

Baltimore  and  Ohio  overhead  crossing 

Wooster  station  .       ....    . . . 

Stone  Jirch  culvert  1,040  feet  north  of  milepost  132 

Smithville  station . . 

Road  crossing  about  one-third  mile  east  of  water  tank. 

Orrville,   Pittsburg,   Fort  Wayne  and   Chiraji:©  and 

t    Cleveland,  Akron  and  Columbus  Rwy    


Latitnde. 


40  43  59. 9 
40  44  00. 7 
40  44  51.8 
40  46  32. 6 
40  47  57.0 
40  49  09.8 
40  50  25. 5 
40  49  46.0  I 


Lon^ritnde. 


81  58  34.6 
81  58  23.8 
81  57  41.4 
81  56  47.7 
81  55  54.8 
81  5;}  19.6 
81  51  40.9 
81  48  :«.0 


I 


40  50  22.1   81  46  a^.S 

_   I 
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Oeographic  potntions  along  Wheeling  and  Lake  Erie  Railway ^hettoeen  OrrviUeand 

MassiUon, 


Stations. 


Latitude. 


Longitnde. 


Barton  City  station 40  50  36. 5  81  43  12. 1 

Dalton  station 40  48  02.0  81  41  15.2 

Pooock  mine  junction ..  40  48  20.7  8138  43.9 

Sippostation,  rood  crossing  325  feet  west  of 40  48  56.4  81  36  05.9 

Sherwoocl  flag  station,  road  crossing  at 40  48  19.8  I    81  33  17.9 

Massillon,  crossing  of  Wheeling  and  Lake  Erie  and 

Cleveland,  Lorain  and  Wheeling  Rwys 40  47  43. 5  81  31  47. 3 


Geographic  positions  along  Pittsburg^  Fort  Wayne  and  Chicago  Railway,  heticeen 

MassiUon  and  Canton, 


stations. 


Massillon,  East  street  crossing 

Road  crossing  2,150  feet  east  of  milepoet  107 

Road  crossing  700  feet  west  of  milepost  104 

Canton,  Pittsburg,  Fort  Wayne  and  Chicago  Rwy. 
and  Cleveland  Terminal  and  Valley  Rwy.  crossing 


Latitude. 


40  47  32.4 
40  47  11.6 
40  46  54. 1 

40  47  24.2 


Loui^itude. 

81  31  01.2 
81  27  57.6 
81  25  11.8 

81  23  02. 1 


Geographic  jwsitions  along  tfie  Cleveland  Terminal  anil  Valley  Railway ^  bettvcen 

Canton  and  Akron, 


StatiouH. 


Latitude. 


Canton  station .    ..'  40  48  01.5 

Road  crossing  1,525  feet  south  of  milepost  54 .1  40  51  16. 8 

New  Berlin  station,  road  crossing  65  feet  north  of 40  52  54. 0 

Careen  town  station,  road  crossing  245  feet  north  of 40  55  42. 5 

Myersville  station,  road  crossing  215  feet  north  of 40  58  34. 0 

Road  crossing  280  feet  north  of  milepost  44 40  59  41.9 

Krnmroy  station,  road  crossing  225  feet  south  of    '  41  00  55. 3 

Overhead  road  crossing  425  feet  south  of  uiileixwt  39  . .  41  03  07. 2 


Longitude. 


81  23  16.1 
81  24  49.2 
81  25  32.3 
81  25  10.8 
81  25  36.7 
81  26  44.5 
81  28  42.8 
81  28  37.0 
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Geographic  jfosUioiiH  along  Wheeling  aiid  Lake  Eric  Raihcay^  between  Canton  and 

Minerva, 


stations. 


Canton,  crossing  of  Pittsburg,  Fort  Wayne  and  Chi- 
cago Rwy 

Road  crossing  1,836  feet  west  of  milepost  63 

Osnaburg  station  road  crossing,  435  feet  east  of  . 

Boad  crossing  1 ,650  feet  east  of  milepost  67 

Robertsville  station,  road  crossing  90  feet  west  of 

Road  crossing  180  feet  soatb  of  milepost  73 

Road  crossing  450  feet  south  of  milepost  75 

Minerva,  crossing  of  Cleveland  and  Pittsburg  Rwy. 
(new  Philadelphia  branch)  along  Cleveland  and 
Pittsburg  Rwy 

Minerva  station,  Cleveland  and  Pittsburg  Rwy.,  road 
crossing,  about  2,200  feet  northeast  of 


Latitude 


Longitude. 


40  47  43.3 
40  46  26.4  ' 
40  47  03.7  i 
40  45  58.0  ; 
40  45  38.9 
40  44  54.2 
40  43  09.5 


40  43  31.5 
40  43  40.3 


81  22  07.3 
81  19  17.9 
81  16  5X6 
81  14  51.9 
81  11  21.6 
81  09  24.0 
81  09  11.6 


81  06  26.2 
81  06  09.9 


Geographic  positions  along  hightoay  from  Ravenna  mtrthioard  to  Claridon  trian- 
gulation  station  ( United  States  Lake  Survey), 


stations. 


Shalersville,  2 A  miles  south  of,  4  corners - . 

Shalersville,  intersection  of  roads  at 

Mantua  station,  Erie  Railway  crossing  near. 

Mantua  post-office,  road  intersection  at . . 

Julia  post-office,  county  line  between   Portage   and 

Geauga  County 

Auburn,  road  intersection  at  store  . . 

South  Newbury  post-office,  2,000  feet  south  of,  and  ), 

mile  south  of  creamery,  electric  railway  crossing 

Burtou,  2}  miles  southeast  of,  4  corners _ . 

Burton,  street  intersection,  north  side  of  park.  . 

Burton,  about  1^  miles  north  of,  4  comers 

Claridon  triangulation  station  (U.  S.  Lake  Survey) 


Latitude.  Longitude. 


41  12  07. 4 
41  14  19.8 
41  16  52.8 
41  18  37.3 

41  20  50.8 
41  23  14.0 

41  25  58.4 
41  26  59.7 
41  28  21.4 
41  29  49. 5 
41  30  39.61 


81  14  47. 1 

81  13  53.6 

81  13  28.8 

81  13  19.2 

81  13  27.3 

81  13  00.2 

81  12  32.9 

81  10  53.4 

81  08  43.9 

81  08  43.8 

81  07  06.37 


Meridian  Marks. 
CANTON,  STARK   COUNTY,  OHIO. 

LcK'ation  of  stHlioii:  On  the  Stark  County  fair  grounds  at  Canton. 

Station  mark:  A  marble  post  40  by  0  by  8  inches,  set  30  inches  in 
tlie  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  meridian 
tablet.     It  is  L^5  feet  north  of  inside  fence  at  south  end  of  race  track. 
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Reference  mark:  Center  of  judges' stand,  390.0  feet  distant;  true 
azimuth,  148°  01'  30". 

Distant  mark:  A  marble  post  40  by  0  by  8  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  a  bronze  meridian  tablet. 
It  is  705  feet  north  of  the  station  mark  and  283  feet  south  of  inside 
fence  at  north  end  of  race  track. 

Center  of  judges'  stand,  480^^  feet  distant;  true  azimuth,  25""  30'  00". 

llesident  referee :  Mr.  John  S.  Hoover,  county  surveyor. 

ST.    CLAIRSVILLE,    BELMONT  COUNTY,    OHIO. 

Location  of  station:  Within  the  Belmont  County  Agricultural  Soci- 
ety fair  grounds. 

Station  mark :  A  sandstone  post  40  by  12  by  20  inches  set  40  in(^lies 
in  the  ground,  in  the  center  of  toj)  of  which  is  cemented  a  bronze 
meridian  tablet. 

Distant  mark:  North  of  station  400  feet,  a  sandstone  post  72  by 
12  by  20  inches  set  40  inches  in  the  ground,  in  the  center  of  top  of 
which  is  cemented  a  bronze  triangulation  tablet. 

WOOSTER,    WAYNE   COUNTY,    OHIO. 

Location  of  station:  On  the  Wayne  County  fair  grounds. 

Station  mark:  A  marble  post  36  by  6  by  9  inches  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  meridian 
tablet. 

Reference  marks:  Center  of  judges'  stand,  121)  feet  distant;  true 
azimuth,  181°  31';  tree,  420  feet  distant;  azimuth,  104°  00'. 

Distant  mark:  539.4  feet  north  of  station  mark,  40  feet  from  inside 
edge  of  race  track,  a  marbk  post  30  by  0  by  9  inches  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
meridian  tablet. 

Reference  marks:  Center  of  judges'  stand,  413  feet  distant;  true 
azimuth,  350°  25';  ti'ee,  001  feet  distant;  azimuth,  43°  25'. 

Resident  referee:  County  surveyor. 

NORTH  CAROLINA. 
Primary  Traverse. 

The  following  geographic  i)ositions  were  determined  by  i)rimary 
railroad  traverse  by  Mr.  Oscar  Jones,  assistant  topographer,  in  Sep- 
tember and  October,  1900.  The  line  l)egins  at  the  Episcoi)al  Church 
spire  at  Newbern  (located  by  the  United  States  Coast  and  Geodetic 
Survey),  and  follows  the  Atlantic  and  North  Carolina  Railroad  to 
Goldslwjro;  thence  along  the  Atlantic  Coast  Line  Railroad  via  Rocky- 
mount  and  Parmele  to  Washington,  connecting  with  Cedar  Grove  tri- 
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angulation  station  of  the  United  States  Coast  and  Geodetic  Survey. 
A  spur  line  was  run  from  Parmele  to  Plymouth. 

Oeograjyhic  po9itiowt  aiong  Atlantic  and  North  Carolina  Mailroad  between  Neubem 

and  Chldeboro. 


stations. 


Latttade. 


Newbem,  Episcopal  Church  spire,  Unitetl  States  Coast 

and  (Geodetic  Survey  . 

Newbem,  national  pike  crossing 

Road  crossing  1.470  f eet  east  of  milepost  40 

Clark  post-office  and  sawmill,  road  crossing  at 

Tuscarora  station .     

Road  crossing  2,190  feet  east  of  milepost  51 

Coar  Creek  station .  

Boad  crossing  2,306  feet  east  of  milepost  56 

Koad  crossing  1 ,140  feet  west  of  milepost  58 

Dover  station  . . 

Road  crossing  1 ,470  feet  west  of  milepost  64 

Neuse  River  bridge,  east  end  of 

Kinston,  crossing  of  Atlantic  Coast  Line  Rwy 

Kinston  station 

Road  crossing  1,480  feet  west  of  mileiK)8t  72 

Falling  Creek  station -   . 

Road  crossing  28.*)  feet  east  of  milepost  78 

Lagrange  station 

Beston  station . . 

Road  crossing  1,080  feet  west  of  milepost  88 

Road  crossing  160  feet  west  of  milepost  91    

Goldslioro,  junction  with  Atlantic  Coast  Line  Rwy     . 

Goldsboro,  north  meridian  mark _. 

Goldsboro,  south  meridian  mark 


lioogltade. 


35  06  25.04 

77  02  21.98 

35  07  01.0 

77  03  47.7 

a5  07  45.9 

77  m  44. 1 

a5  08  44.8 

77  09  35.5 

85  09  34. 1 

77  12  49.5 

35  10  34. 1 

77  16  46.0 

35  11  11.7 

77  19  14.3 

35  11  50.8 

77  21  48.8 

35  12  31.5 

77  34  30.1 

35  12  57.5 

77  36  12.9 

35  14  00.9 

77  30  40.4 

35  14  36.5 

77  83  27.0 

35  15  31.5 

77  84  27. 1 

35  15  51.4 

77  34  53.7 

35  16  15.8 

77  38  12.4 

35  16  34.8 

77  41  23.6 

35  17  08.6 

77  44  05.8 

35  18  25.7 

77  47  17.3 

35  20  37.0 

77  50  49.7 

35  21  38. 6 

77  52  59.4 

35  22  47.0 

77  55  59.6 

35  23  27.9 

77  59  34.8 

35  22  53.4 

77  59  37.3 

35  22  51.7 

77  59  37.2 
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Geographic  pottitions  iUimg  Atlantic  Coast  Line  liailwiti/,  In'tuH'ni  Ooldt^tro  and 

Rockymount. 


SUtionB. 

1 

1      Latitude. 

Lon^tade. 

Road  crossing  IdU  feet  north  of  milep*)Ht  87 

1           o          ,            . 

i     36  25  30.0 

77  58  58.8 

Road  crossing  3(M)  feet  Bouth  of  inileiK^st  IK) 

1     35  28  02.3 

77  58  58.2 

PIkeville  station 

35  29  52.0 

77  58  57.7 

Water  tank  580  feet  north  of  mi1ei)ost  9;i     

35  30  50.5 

77  58  57.4 

Road  crossing  180  feet  north  of  milepost  94 

.   ..   i     35  31  38.2 

77  58  56.4 

Fremont  station 

35  32  41.8 

77  58  25.8 

Road  crossing  1,510  feet  soath  of  milepost  90 

35  35  24.6 

77  57  01.5 

Blackcreek  station 

!     35  38  14.2 

77  55  56.5 

Contentnea  station,  junction  main  line     

.        .1     35  40  42.8 

77  55  51.0 

Wilson  station 

j     35  43  21.9 

77  54  24.5 

Road  crossing  860  feet  north  of  milepost  110 

35  44  47.9 

77  53  37. 7 

Road  crossing  20  feet  south  of  milepost  113 

'     35  47  03.2 

77  52  24.6 

Ehn  Oty  station  ...   

.....      35  48  21.4 

77  51  42.4 

Roa^l  crossing  1,0  M)  feet  south  of  milepost  116  . .  . 

.    ...^     a5  49  17.1 

77  51  11.8 

Sbarpsburg         .... 

35  52  01.0 

77  49  43.8 

Road  crossing  1 ,790  feet  south  of  milepost  121 

35  53  10.9 

1 

77  49  08. 4 

South  Rockymount,  main  line  junction         

35  55  51.7 

77  48  02.5 

Kucky mount  station 

35  56  18. 5 

77  47  51.7 

i 

RaiUray,  Rockym 
1       Latitude. 

Geographic  ptmtiona  along  Atlantic  Coast  Line 

Plymouth. 

ount  east  to 

• 

Stations. 

LontJTitudo. 

Road  crossing  15  feet  east  of  milepost  3 

Road  crossing  1 ,495  feet  east  of  milepost  5 

Kinsboro  station . 

Hartsboro  station 

Road  crossing  696  feet  west  of  milei>ost  12 

Tarboro.  main-line  junction 

Tarboro  station 

Tar  River  bridge,  west  end  of 

Mildred  station 

Conetoe  station 

Road  crossing  840  feet  west  of  milepost  25.   . . . 

Bethel  station 

Parmele,  railroad  crossing  at . 

Robersonville  station 

Ereretts  station 

Williamston,  junction  of  spur  track  to  station 
Williamston,  road  crossing  at 

Bull  181—01 10 


35  55  29.1 
35  55  16. 8  ' 
35  55  05. 6  I 
35  54  58. 3  j 
35  54  42.6  j 
35  54  28.9  j 
:i5  54  28.6  I 
35  53  35. 2  ! 
35  50  53.8 
35  48  56. 5 
35  48  03.7 
35  48  28. 7  i 
35  48  58. 4 
35  49  27. 5 
35  50  05. 6 
35  50  57. 1 
35  50  48.0  ! 


77  44  58.0 
77  42  30.6 
77  40  14.0 
77  38  44.8 
77  35  31.8 
77  32  47.2 
77  32  3:].0 
77  32  07.2 
77  29  29.4 
77  27  19.7 
77  25  15.7 
77  22  31.7 
77  18  50.8 
77  15  10.9 
77  10  23. 1 
77  03  51.6 
77  03  H5.^ 
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Geographic  positions  along  Atlantic  Coast  Line  Railway ^  Rockymcunt  east  to 
Plymouth — ContiD  ned. 


stations. 


Water  Unk  7eK)  feet  west  of  milepost  48 85  49  18.1 

Boad  crossing  990  feet  east  of  milepost  51 85  48  35. 8 

JamesYille,  tram  road  crossing  1  mile  west  of 85  48  38. 6 

JamesYille  station 35  48  21.0 

Road  crossing  510  feet  east  of  milepost  00 35  48  46. 6 

Boad  crossing  2,610  feet  east  of  milepost  63 35  50  38.0 

Plymouth,  tram  road  crossing  west  of 85  51  08. 8 

Plymonth  station 35  52  10.0 

Plymouth,  river  front,  first  cross  street 35  52  07. 2 

Plymouth,  river  front,  last  cross  street 35  51  59. 0 

Plymouth,  north  meridian  mark i  35  51  41. 9 

Plymouth,  south  meridian  mark 35  51  38. 1 


LaUtude. 


Loiuritade. 

O  /  tl 

77  03  40.6 
76  59  14.6 
76  54  41.1 
76  58  48.7 
76  49  40.5 
76  47  25.8 
76  45  45.0 
76  44  52.4 
76  44  54.8 
76  45  14.6 
76  45  14.1 
76  45  14. 1 


Oeoffraphic  positions  aUrng  the  Atlantic  Coast  Line  RaUway  from  Washington  to 

Parmele. 


SUtlous. 


Cedar  Grove  triangulation  station,  United  States  Coast 

and  CJeodetic  Survey 

Washii^jrton  station 

Wharton  station 

Pactolus  station 

Whichard,  tramroad  crossing  east  of 

Whichard  station 

Williams  station 


Latitude. 


Loni^tude. 


35  31  52. 6 
85  33  43.3 
35  35  48. 9 
35  37  41.4  I 
35  41  43.3  I 
35  41  49.3  I 
35  45  28.5  I 


77  03  11.0 

77  03  27.3 

77  07  19.2 

77  13  03.5 

77  15  13.5 

77  15  16.6 

77  17  15.1 


Geographic  2H)sitioiis  along  Atlnritic  CtHist  Line  Railway  front  Parmele  to  Kinston, 


Stations. 


Grindool  station 35  45  57. 0 

Sawmill,  road  crossing  at - .  . .  35  41  18. 3 

House  station 35  39  15. 5 

Greenville  station 35  36  25. 3 

Parksville  station    35  33  40.1 

Winterville  station 35  31  44.3 

Aydenstation 35  28  20.4 

Flag  station  1 ,300  feet  n  jrth  of  milepost  73   .    I  35  34  35. 8 

Grif  ton  station   .. , ... I  35  33  30.5 

Graingers  station 35  19  11.8 


latitude. 


Longitude. 


-I- 


77 


19  57.3 
21  17.3 
31  52.6 
33  48.0 
33  30.8 
24  07. 0 

24  58.0 

25  36.2 

26  17.8 
30  32.0 
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SOUTH  CAROLINA. 


Primary  Traverse. 

A  line  of  primary  railroad  traverse  was  run  by  Mr.  S.  Tatum,  topog- 
rapher, in  1900  from  the  Columbia  State  capitol  (located  by  astro- 
nomic methods  by  tlie  United  States  Coast  and  Geodetic  Survey) 
along  the  Southern  Railway  to  Spartanburg,  connecting  with  the 
dome  of  St.  Johns  College,  located  by  triangulation  from  the  oblique 
arc  of  the  United  States  Coast  and  Geodetic  Survey.  A  circuit  was 
completed  by  running  from  Carlisle,  of  the  former  line,  eastward 
along  the  Seaboard  Air  Line  Railway  to  Chaster;  thence  southward 
along  the  Southern  Railway  to  Columbia.  Another  circuit  was  com- 
pleted by  running  westward  from  C/olumbia  along  the  Southern  Rail- 
way to  Jjeesville;  thence  nort.hward  via  highways  to  Prosperity; 
thence  eastward  along  the  Southern  Railway,  connecting  with  the 
first  line  at  Alston. 

Meridian  lines  were  established  at  Chester,  Columbia,  Lexington, 
L^nion,  and  Winnsboro. 

Oeftgrtiphic  positions  along  Southern  Railioay  front,  Columbia  to  Spartanburg. 


Station. 


Colnmbia.  State  capitol  dome.  United  States  Coast 

and  Geodetic  Survey  astronomic  position — 

Road  crossing  (near  river  bridge) 

Milepost  7 

Milexiost  11 

Bookman  flag  station,  road  crossing  at 

Littleton  flag  station 

Milepost  19  . 

Wallaceville  flag  station 

Alston  station . . 

Road  crossing  2,885  feet  north  of  milepost  133 

Milepost  131 

Dawkins  station 

Road  crossing  8,050  feet  north  of  milepost  125 

Strother  station 

Blair  flag  station . .   

Beaver  Creek,  center  of  stream 

Lyles  Ford 

Milepost  117 

Shelton  station 

Milepost  No.  113 

Road  crossing  383  feet  south  of  milepost  111 


Latitude.  Longitude . 


33  59  56.8 

34  01  31.9 
34  05  08. 1 
34  07  50.9 
34  09  44.4 
34  10  42. 0 
34  12  32.4 
34  12  34.4 
34  14  34. 7 
34  16  51.9 
84  18  04. 5 
34  21  18.8 
34  22  53. 7 
34  23  34. 2 
34  25  03.  '■» 
34  26  25. 4 
34  27  06.3 
34  28  55. 4 
34  29  48.7 
34  32  13.5 
34  33  50.4 


81  02  02.7 
81  08  53.6 
81  05  36.2 
81  07  57.2 
81  09  14.8 
81  10  39.4 
81  13  42.3 
81  15  05.9 
81  18  59.2 
81  20  17.3 
81  20  32.9 
81  22  04.8 
81  22  49.0 
81  23  39.8 
81  24  10.4 
81  24  28. 5 
81  25  01.3 
81  25  05.3 
81  25  10. 1 
81  26  07.6 
81  2ft  4^A 
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Oeographic  jxfsitums  aUyiig  SouOiern  Rdilvxiy  from  Columbia  to  Spartatdmrg— 

Con  tinned. 


station. 


Carlisle  station 

Road  crossing  1,830  feet  north  of  iui]ei)Ost  107 

Santuck  station . .   

Ruad  crossing  215  feet  sonth  of  milepos^  103 

Ruad  crossing  2,818  feet  south  of  inilepost  101 

Road  crossing  245  feet  south  of  milepost  100 

MilepostOT. 

Union  station 

Milepoet94 

Road  crossing  2,360  feet  south  of  milepost  92 . . 

Road  crossing  1 ,270  feet  south  of  milepost  90 . .  _ 

Lfock hart  Junction 

J onesville  station ..     . 

Road  crossing  4,255  feet  south  of  milepo  4  83 

Road  crossing  200  feet  north  of  milepost  83 

Paco!et  station 

MileiK>st  77. 

Rich  Hill  flag  station  . 

Road  crossing  1 .205  feet  north  of  milepost  74 

Qlendale  station. 

Spartanburg,  dome  of  St.  John's  College,  Uniteil  States 
Coast  and  (Geodetic  Survey  position 


LaUtade. 

LoTiKltnde. 

34  35  31.2 

O       /       II 

81  27  54.6 

34  36  52.7 

81  29  20.U 

34  38  00.8 

81  31  07  « 

34  39  09.2 

81  31  48.7 

34  40  19.2 

81  32  41.8 

34  41  11.1 

81  33  37.4 

34  42  56.2 

81  35  49.0 

34  42  55.8 

81  37  12. :{ 

34  44  10.9 

81  37  58.0 

34  45  20.8 

81  37  43.4 

34  47  06.4 

81  38  36.4 

34  49  06.5 

81  39  01.8 

34  50  07.0 

81  40  42.1 

34  51  14.8 

81  42  12.2 

34  51  53.9 

81  43  44.1 

34  58  53.7 

81  45  34.9 

34  54  23.4 

81  47  31.0 

34  54  11.8 

81  48  59.7 

34  55  01.5 

81  50  34.1 

34  55  24. 1 

81  51  38.5 

34  57  17.2  ,     81  54  5^.6 


(ifoijraphic  pimitioiui  fUong  SeabiKtrd  Air  Line  Railuxtt/  frmn  CarlvUe  to  Chester. 


Carlisle,   crossing  of  Seaboard  Air  Line   liwy.  and 

Southern  Rwy 

Broad  River,  right  bank 

Leeds  station .. 

Milepost  54 

Milepost  'hi 

Mileix)str)l 

Road  crossing  1 ,955  feet  east  of  milepost  50     

Koa<l  crossing 

Chester  station,  Seaboard  Air  Line  Rwy 


Latitade. 


34  35  27.3  , 
34  37  21.6 
34  37  48.8 
34  38  41.7  I 
34  39  11.5  I 


34  39  44.6 
34  40  06.4 
34  42  12. 1 
34  42  30.2 


Loneritude. 


SI  2?  50.8 

81  25  01.4 

8i  23  40.7 

81  20  42.4 

81  19  52.4 

81  18  05.2 

81  16  46.2 

81  14  20.2 

81  12  57.8 
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Qeogntphie  jtoftitionit  along  Southern  Railway  from  ChrnU'r  to  Cotumbia. 


Station. 


Chester  stAtion,  Southern  Rwy  . . .   

Road  crossing  1.017  feet  north  of  inilepost  46. . 

Mi.epost4}^ 

Road  crossing  (bridge  overhead) 

Cornwall  station . 

Milepost  54 

Blackstock  station 

Woo<lward  station         

Road  crossing  270  feet  sonth  of  milepost  59 

Road  crossing  700  feet  south  of  milepost  61 

Whiteoak  station 

Milepost  65 

Adders  station 

Road  (crossing  550  feet  north  of  milepost  69. .   . 

Winnsl)oro  station 

Milei)08t73  

Rockton  station .   . 

Milepoet77 , 

Simpson  station 

Milepost  80 

Ridgeway  station 

Milepost  84 

Campbells  flag  station 

Milepost87 .     .. 

Bly thewood  station  

Milepost  93 

Killian  station . 

Milepost  97 

Road  crossing  815  feet  north  of  milepost  98 

Milepo8t99 .       

Dents  flag  station 

Road  crossing  3,475  feet  south  of  milepost  101 . 

Crossing  of  Seaboard  Air  Line 

Milepost  1 04 

Columbia,  Blanding  street  station  

Columbia,  East  Capitol  street  crossin.^^ 


I^titnd*'. 


Longitude. 


84  42  16.9 
34  41  09. 1 
34  39  22.3 
34  38  41.9 
34  .36  23.4 
34  34  40.2 
34  3:^  29.3  j 
34  31  33. 7  I 
34  31  12.0  I 
34  29  51.1  I 
34  28  19.5  I 
34  27  03. 7 
34  25  59.0  I 
34  24  38.3  | 
34  22  .33.8  [ 
34  21  20.8  i 
34  20  24. 7  ' 
34  18  49. 6 
34  18  3;19 
34  18  38.4 
34  18  18.9 
34  17  31.5 
34  16  52.4 
34  15  13.  () 
34  12  52.7 
34  10  33. 5 
34  08  12.8 
34  07  16.7 
34  06  44. 2 
34  05  48. 6 
84  05  08.2 
34  03  58. 6 
34  03  16.2 
34  02  34. 2 
34  00  39.2 
33  59  21.5 


81  12 
81  11 
81  11 
81  11 
81  10 
81  10 
81  09 
81  10 
81  09 
81  08 
81  07 
81  07 
81  07 
81  05 
81  05 
81  04 
81  04 
81  02 
81  02 
81  00 
80  57 
80  57 
80  56 
80  57 
80  58 
HO  57 
SO  56 
80  56 
SO  r>6 
80  57 
80  58 

80  58 

81  00 
81  00 
81  01 
81  01 


14.5 
28.3 
42.6 
10.8 
42.7 
20.8 
10.1 
14.1 
44.3 
27.8 
04.6 
14.4 
27.1 
41.9 
04.0 
52.4 
46.4 
57.6 
48.9 
22.0 
39.5 
05.3 
59.0 
32.2 
24.5 
16.4 
48.5 
45.8 
50. 4 
36.8 
27.7 
58.8 
10.2 
38.6 
29.0 
46.8 
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Oeogi-aphic  positions  along  Southern  Railway  from  Columbia  to  Leesville^ 


Station. 


LatitTide. 


Broad  River,  east  bank 38 

Cayce  station \  38 

Road  crossing  250  feet  west  of  milepost  114 I  38 

Arthur  station 38 

Milepo8tll9 i  38 

Lexington  station . .  j  38 

Barrs  station 33 

Shumpert  station !  33 

Milepostl29 33 

Gilliert  station ....'  33 

Summit  station  .  |  88 

Fredonia station  ... 38 

Leesville  station ^-.  38 


58  35.0 
58  ^.6 
58  88.2 
58  11.2 
58  17.5 
57  58.3 
56  17.5 
55  50.6 
55  25.4 
55  24.7 
55  24.7 
55  88.6 
54  50.9 


lx>ngitade. 


81  02  48. 1 

81  03  19.8 

81  07  15.7 

81  08  48.3 

81  12  17.6 

81  14  05.2 

81  17  36.4 

81  20  05.3 

81  21  34.7 

81  23  37.6 

81  25  20.6 

81  27  44.4 

81  30  46.5 


Geographic  positions  along  hightvay  froni  Leesville  to  Prosperity, 


station. 


Crossing  of  Hollow  Creek  . . 

Delmar  post-  office,  road  crossing  2  miles  south  of 

Delmar  i)<)st-office . 

Delmar  post-office.  1 A  miles  north  of,  crossing  of  roads 

Dupler  post-office    .   .      

Baptist  Church 

Saluda  River,  south  bank.   

Upwell 

Oneal  School ' 

Prospenty .  3  miles  south  of,  road  forks ' 

Prosperity. 2miles  south  of, roadcro8sing(Columbiaroad)i 


Latitude. 


38  56  59. 1 

33  59  14.7 

34  00  38.0 
34  01  29. 4 
34  03  00. 1 
34  O:^  30.6 
34  04  45. 1 
34  05  32.6 
34  07  00. 7 
34  10  27.5 
34  10  48.4 


Longitude. 

81  32  02.4 

81  81  19.8 

81  30  41.3 

81  39  51.9 

81  39  42.9 

81  39  riO.O 

81  39  07.0 

81  38  48.1 

81  30  14.6 

81  33  07.1 

81  31  56.2 


Geoyraphie  potntioH.'i  along  Southern  Haiiway  froin  I^osperity  to  Alston, 

Statiim. 


I 


Prosperity,  crossing  Southern  Rwy.  and  street.. 
Road  crossing  1 ,02.")  feet  west  of  milepost  39.    ... 

Road  crossing  1,993  feet  west  of  milepost  37 

Road  crossing  1 ,930  feet  west  of  milepost  30 

Road  crossing,  overhead  bridge 

Pomaria  station 

Road  crossing  3,135  feet  east  of  milepast  39 

Road  crossing  3,1K)5  feet  east  of  milepost  37     

Road  crossing  397  feet  west  of  mileiM>8t  3<> 

Peaks  stH turn 

Alston  atation - 


i_ 


Latitude. 

O  I  II 

34  12  30.8 
34  12  34.3 
34  12  59.2 
34  13  08.9 
34  13  49. 2 
34  15  43.0 
34  15  43. 4 
34  14  41.2 
34  14  29.0 
34  14  29.2 
34  14  84.7 


T^nflritude. 


81  32  57.4 

81  31  27.6 

81  39  38.4 

81  38  36.5 

81  36  56.3 

81  24  47.8 

81  33  05.2 

81  30  19.4 

81  20  03.0 

81  19  22.4 

81  18  59.2 
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Meridian  Marks. 
CHESTER,  CHESTER  COUNTY. 

Tx)catioTi  of  MtMion:  In  city  park,  just  wint  of  Hiimmit  house,  on  t^p 
of  knoll. 

Station  mark :  A  marble  i>o8t  48  by  8  by  8  inches,  set  40  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet. 

Di8t4int  mark:  North  of  station  458  feet,  a  marble  post  48  by  8  by  8 
inches,  set  46  inches  in  the  p^round,  in  center  of  top  of  which  is 
cemented  a  bronze  tablet. 

Local  reference:  James  Hamilton,  jr.,  city  engineer. 

Ci^I^JMBIA,    RICHLAND   COUNTY. 

Ix>cation  of  station:  In  State  College  park,  east  of  cfollege  building 
and  just  north  of  street  forming  southern  lK>undary  of  park. 

Station  mark:  A  marble  post  48  by  6  by  <5  inches,  set  4H  inc^hes  in 
the  ground,  in  the  center  of  top  of  which  is  cemente<l  a  bronze  tablet. 

Dist-ant  mark :  North  of  station,  a  marble  i^ost  48  by  H  by  8  inches, 
set  4G  inches  in  the  ground,  in  top  of  which  is  cemente<l  a  l)ronze 
tablet. 

Local  referee:  Professor  Colcock. 

.  LEXINGTON,  LEXINGTON  COUNTY. 

Location  of  stMion:  In  city  park,  near  southeast  (u>rner,  alM>ut  10 
feet  north  of  south  side. 

StMion  mark:  A  granite  post  48  by  10  by  10  inches,  set  40  inches 
in  the  ground,  with  bronze  tablet  cemented  in  top. 

Distant  mark:  A  granite  post  48  by  10  by  10  inches,  set  4G  iniOies 
in  ground,  360.5  Heet  distant,  in  northeast  corner  of  city  cemet^^ry. 

UNION,  UNION   COUNTY. 

J>ocation  of  stMion :  In  grounds  surrounding  Union  High  School, 
west  of  high-school  building  and  north  of  street  forming  southern 
boundary  of  grounds. 

Station  mark :  A  marble  i)ost  42  by  8  by  8  inches,  set  40  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cementeil  a  bronze  tablet. 

Distant  mark:  North  of  station  371  feet,  near  northern  boundary 
of  high-school  grounds,  a  marble  pc)st  42  by  8  by  8  inches,  set  40 
inches  in  the  ground,  in  the  center  of  top  of  whi(*h  is  cemented  a 
bronze  tablet. 

Resident  referee:  Colonel  Young. 

WINNSBORO,  FAIRFIELD   COUNTY. 

Location  of  station:  In  park  in  front  of  WinnslK>ro  College,  about 
200  feet  west  of  east  si<le  of  park  and  5  feet  north  of  south  side  oC 


152       PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bum.  181. 

Station  mark:  A  granite  post  48  by  S  by  H  in(^hos,  w^t  4fJ  inches  in 
the  ground,  with  bronze  tablet  cemented  in  t-op. 

Distant  mark:  North  of  station  348  f(*et.,  a  granite  jjost  48  by  8  by 
8  inches,  set  40  inches  in  ground. 

Lr>cal  refer<^e:  President  Winnslnn'o  College. 

CKNTRAL  8KCTIOX  OF  TOlMKiUAPHY. 

OHIO. 

Primary  Traverse. 

The  following  geographic  positions  were  determined  from  i)rimary 
traverse  in  1000  by  Mr.  (xeorge  T.  Hawkins,  topographer. 

Starting  from  ITniled  States  C'oast  and  (leodetic  Survey'  astronomic 
pier  at  Mount  Lookout,  Cincinnati,  tlie  line  follows  the  Haltimoreand 
Ohio  Southwestern  and  Baltimore  and  Ohio  railroads  to  Columbus, 
Ohio;  thence  along  the  Hocking  Valley  Railroad  to  Toledo,  Ohio, 
where  it  was  tied  to  St.  Mary's  Church  spire  (United  States  I^ke  Sur- 
vey station) ;  thence  back  to  CVdumbus,  following  line  of  Toledo  and 
Ohio  (Vntral  Railway,  and  connecte<l  with  original  line.  Meridian 
lines  were  established  at  Bowling  Green,  Delaware,  Findlay,  Kent'Oii, 
Marysville,  Upper  Sandusky,  and  Washingt<)n  Court-House. 

Qeixjraphic  positions  along  Baltimore  and  Ohio  Southxrestem  ami  Baltimore  and 
Ohio  rait  roads  from  Cincinnati  to  Colnnibus. 


Station.  Latitude.  I.K)ngitude. 


Cincinnati,  Mount  Lookout  astronomic  pier      :{9  08  21.93  84  25  21.52 

Madisonville  station .         . 39  09  26.0  84  23  49.0 

East  Madisonville  station 39  09  Sf'. 3  84  23  10. 0 

Madeira  station 39  11  ll.O  84  21  4ri.9 

Allandale  station 39  1149.2  84  20  34.4 

Remington  station 39  13  3.k8  84  19  26.7 

Symmes  station 39  14  50.0  84  17  45.8 

Camp  Ground  station ,  39  15  18. 2  84  16  47. 5 

Loveland,  crossing  of    Pennsylvania  and  Baltimore 

and  Ohio  Southwestern  railways       ^      39  16  00.6  84  15  31.9 

Hills  station,  crossing  340  feet  west  of |  39  15  18. 7  84  11   17. 7 

Cozaddale  station,  crossing  so  feet  west  of        .... .       39  16  15. 2  84  09  39. 9 

Pleasant  Plain  stition,  crossing  110  feet  west  of 39  16  47.5  84  06  43.6 

Windsor  station,  crossing  -lO  feet  west  of .".9  17  04. 6  84  02  59. 5 

Blanchester  station,  crossing  320  feet  east  of 39  17  31. 4  83  59  14. 2 

Midland  station,  crossing  310  feet  west  of     . .   " 39  18  13. 7  83  54  35. 4 

Midland  station j  39  18  14.4  83  54  31.5 

Cuba  stutiou,  rrusHin^  under  railway  :*<)»  .••t  south  of..  39  21  41.0  83  51  58. 1 
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Cf€€>graphie positiotM  along  BeUtimore  and  Ohio  SouthtmHtern  and  Baltimore  and 
Oliio  railroads  from  Cincinnati  to  Columhns — ('ontinaed. 


Btation. 


MilepoBt  52,  croesing  450  feet  north  of 

Wilmington,  Baltimore  and  Ohio  station  at 

Blind  siding,  crossing  450  feet  west  of  head  block  at . . 

Melvin  station,  crossing  200  feet  east  of 

Reesville,  crossing  at .. .    . 

Sabina  station,  crossing  100  feet  west  of 

Milep06t69,  crossing  8<X)  feet  west  of 

Rattlesnake,  crossing  over  railroad  at 

Jasper  Mills,  crossing  at 

Washington  Conrt-Honse,  south  azimuth  stone  1.400 
feet  southward  from  Baltimore  and  Ohio  station, 
near  coal  chutes  6  feet  east  of  main  track.  1 1  feet 
from  end  of  bulkhead  leading  to  elevated  tracks.  A 
limestone  post,  36  by  8  by  8  inches,  set  :^S  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented 
a  bronze  meridian  tablet.  Distant  mark  is  a  copper 
bolt  cemented  in  east  abutment  of  wagon  bridge. 
Azimuth  218'  12'  45".  Distance  from  south  stone 
1.093  feet 

Washington  Conrt-House,  crossing  of  Baltimore  and 
Ohio  and  Cincinnati,  Hamilton  and  Dayton  railways. 

Fayette  station 

Bloomingborg  station,  crossing  300  feet  east  of 

Madison  Mills  station,  crossing  30  feet  east  of.  

Cook  station,  crossing  200  feet  east  of 

Monnt  Sterling  station,  300  feet  east  of  Main  street 
crossing 

Era  station,  crossing  430  feet  west  of 

Derby  station,  crossing  350  feet  west  of 

Morgan  station,  crossing  100  teet  west  of  

Pleasant  Comers  station,  crossing  1 00  feet  southwest  of . 

Grove  City  station,  crossing  100  feet  southwest  of 

Urbaucrest  station,  crossing  100  feet  northeast  of 

Briggsdale  station,  crossing  50  feet  northeast  of 

United  States  Geological  Survey  triangulation  station^ 
north  base     ...   

Colnmbns,  crossing  Baltimore  and  Ohio  Railway  and 
Broad  street 


T^titade. 

O  I  // 

39  23  59. 4 
39  26  36.6 
39  27  56.2 
89  28  24.8 
39  28  57. I 
39  29  33.0 
39  30  12. 2 
39  30  41.8 
39  31  08.0 


I 


lion^tude. 

O    /      // 

83  51  17.8 
88  49  25.2 
m  45  05.3 
83  43  01.2 
83  40  41.2 
83  38  07.4 
83  35  19.4 
83  33  09; 4 
83  31  14.4 


39  32  04.0   83  26  53.7 


39  32  13.3 
39  34  09. 9 
39  36  22.7 
39  39  13.5 
39  40  59.4 

39  43  17.6 
39  44  23. 2 
39  46  08.4 
39  48  17.8 
:i9  50  37. 5 
39  52  59. 7 
39  53  5:j.  2 
39  55  36.0 


83  26  43.4 
83  25  13.7 
83  23  17.4 
83  20  21.4 
83  18  24.3 

83  16  03.7 
83  14  38. 1 
8:^  12  20.5 
83  09  19.5 
m  07  41. 1 
a3  05  44.3 
H3  05  00.4 
83  03  36. 1 


39  55  57.3   83  03  18.6 
39  57  31.9  I  8:5  01  54.4 
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Poaitionn  cUong  Hocking  VaUey  Railway  from  Columbus  to  Toledo, 


Station. 


latitude. 


I 


Crossing  Hocking  Valley  Railway  and  pike  road  east 
and  west 

Colambns,  Lane  avenue  station,  crossing  150  feet 
south  of 

Olentangy  station,  crossing  under  railway  5ri0  feet 
north  of. 

Elm  wood  station,  crossing  300  feet  south  of  . 

Milepost  113,  crossing  850  feet  north  of 

Powell  station,  crossing  160  feet  south  of 

Milepost  107,  crossing  170  feet  south  of 

Hyatts  station,  crossing  1,200  feet  south  of 

Milepost  103,  crossing  840  feet  south  of 

Crossing  telephone  line .... 

Delaware,  south  azimuth  stone,  80  feet  southeast  of 
"  Big  Four  *'  and  Hocking  Valley  railways.  A  lime- 
stone post,  28  by  6  by  6  inches,  set  28  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  meridian  tablet.    Azimuth  18.5''  10 

Delaware,  north  azimuth  stone,  105  feet  north  of  cen- 
ter of  street  and  72  feet  east  of  railroad.  A  lime- 
stone post.  30  by  6  by  6  inches,  set  30  inches  in  the 
ground;  in  center  of  top  is  cemented  a  copper  lx)lt. 
Aziinuth  5    10 .    

Delaware  station,  crossing  50  feet  north  of 

Siding,  crossing  150  feet  south  of  south  end  of 

Milepost  95,  crossing  2<X)  feet  north  of. 

Radnor  station,  crossing  160  feet  north  of 

Mileposts  90  and  91,  crossing  halfway  between 

Prospect  station,  crossing  at 

Crossing,  four  corners 

Owen  station,  crossing  600  feet  north  of . .   .    

Mileposts  79  and  80,  crossing  halfway  between 

Marion  station,  14o  feet  south  of  Main  street  crossing. . 

Marion,  south  azimuth  stone,  225  feet  north  of  '*Big 
Four  *  crossing  and  45  feet  north  of  tool  house,  be- 
tween Y  tracks  and  main  line  of  Hocking  Valley 
Railway.  A  limestone  post,  -40  by  7  by  0  inches,  set 
40  inches  in  the  ground,  in  the  center  of  top  of 
which  is  cemented  a  bronze  meridian  tablet.  Dis- 
tant mark  is  spire  of  Catholic  Church.     Azimuth  of 

aame  is  259"  11'  30  

Crossing  under  railroad    .       


39  59  16.8 

40  00  24.3 

40  08  48.5 
40  a5  25.2 
40  07  01.8 
40  09  29.6 
40  U  44.5 
40  12  58.8 
40  15  12.6 
40  17  18.8 


LoDKltade. 


40  17  34.5 


40  35  25.0 
40  38  01.5 


83  /)!  37. 1 

83  01  55.5 

83  02  48.1 
88  08  09.4 
83  03  30.7 
83  04  42.3 
88  05  22.7 
83  05  17.6 
88  05  08.5 
88  04  59.8 


88  04  58.4 


40  17  47.0 

83  04  56.9 

40  17  58.7 

83  04  57.4 

40  20  00.3 

83  06  03.3 

40  21  51.6 

83  07  15.9 

40  23  09.6 

83  08  06.0 

40  25  22. 7 

83  09  39. 1 

40  27  06. 1 

88  10  45.7 

40  29  28.0 

83  09  59.3 

40  31  13.2 

»3  09  28.6 

40  34  31.3 

83  08  30.8 

40  35  19.2 

83  08  28.0 

83  08  30.1 
83  10  25. 1 
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Positions  along  Hocking  Valley  Railway  frtmi  ColumbuH  tn  ToletUt — Continaed. 


station. 


Morral  station,  croesing  160  feet  north  of 

T. 3  S..  R.  14  £.,  \  corner  between  sees. 38  and  34 

Harpeter  station 

Milepoet  63,  crossing  1,180  feet  north  of 

Upper  Sandusky,  south  azimuth  stone,  0  feet  east  of 
railway  and  1,395  feet  distant  from  north  stone.  A 
limestone  post,  30  by  5  by  5  inches,  set  80  inches  in 
the  ground,  in  the  center  of  top  of  which  is  ce- 
mented a  bronze  meridian  tablet.  Azimuth  180^ 
18  30  

Upper  Sandusky,  north  azimuth  stone  55  feet  south 
and  150  feet  east  of  crossing  of  Pittsburg.  Fort 
Wayne  and  Chicago  Railway  and  Hocking  Valley 
Railway,  11  feet  east  of  Hocking  Valley  Railway. 
A  limestone  post  38  by  6  by  6  inches,  set  84  inches  in 
the  ground,  in  center  of  top  is  cemented  a  copper 
bolt 

Upper  Sandusky  station 

T.  2  S.,  R.  14  E.,  west  comer  of  sees.  19  and  30 

Crossing  at  flag  station 

Crawford  station,  crossing  at 

Carey  station,  crossing  south  of . 

Carey,  south  azimuth  stone.  A  copper  bolt  sunk  and 
cemented  in  south  abutment  of  bridge  north  of  sta- 
tion, on  second  stone  and  4  feet  east  of  east  rail. 
Azimuth  151    40'  20"  to  north  mark. 

Carey,  north  azimuth  stone,  339  feet  north  of  *'  Big 
Four  **  crossing,  8  feet  southeast  of  Northern  Ohio 
crossing  and  3^  feet  east  of  east  rail  on  Hocking  Val- 
ley Railway.  A  marble  post  24  by  8  by  8  inches,  set 
24  inches  in  the  ground,  in  center  of  top  is  cemented 
a  copper  bolt. . 

i  comer  north  of  sec.  5  on  base  line,  range  13  E 

Milepo6c45,  crossing  900  feet  north  of 

Alyada  station,  crossing  100  feet  north  of 

Siding,  crossing  190  feet  south  of  south  end  of 

Crossing  of  telephone  line 

Fostorla,  south  azimuth  stone,  7  feet  east  of  east  rail 
on  Hocking  Valley  Railway,  in  arch  culvert  east  of 
Fostoria  Bnlb  and  Bottle  Co.'rt  Works.  A  bronze 
meridian  tablet  cemented  in  culvert.  Azimuth, 
179"  35   25'   


latitude. 

O  I  II 

40  41  12.4 
40  44  17.6 
40  44  20.4 
40  47  19.8 


40  49  14.8 


40  49  28.6 
40  49  80.0 
40  50  49.7 
40  58  26. 8 
40  55  05. 2 


liongitutle. 

e    I  II 

83  12  45.6 

83  14  44.8 
83  15  04. 2 
88  17  12.1 


88  i:  81.4 


40  57  04.2  i 


H8  17  31.3 
88  17  81.3 
83  18  16.6 
H3  19  54.7 
as  21  03.8 
88  22  28.3 


40  57  10. 8  ;   83  22  82. 6 


I 


40  57  22.9 

40  59  81.7 

41  01  48.4 
41  08  00.7 
41  05  38. 5 
41  07  23.2 


83  22  41. 5 
as  28  49. 1 
88  24  16.0 
88  24  24. 1 
83  24  23. 1 
88  24  24.0 


\ 


41  (yi  ^.S  \  ^  ^\  ^>.\.^ 
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Poitituins  cUotig  Hocking  Valley  RailttKiy  from  Columbus  to  Toledo— ConiAnned. 

Lon^tude. 


StaUoD. 


Fostoria,  north  azimuth  stone,  500  feet  south  of  Balti- 
more and  Ohio  and  Hocking  Valley  crossing,  and  7 
feet  east  of  east  rail  of  Hocking  Valley  Railway. 
A  sandstone  post  86  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  is  cemented  a 
copper  bolt 

Fostoria,  Hocking  Valley  Railway,  and  Toledo  and 
Ohio  Central  Railway,  and  street-car  crossing      ... 

Fostoria  station,  Hocking  Valley  Railway    

Milepost  33,  crossing  1 ,300  feet  north  of 

Longley  station,  crossing  320  feet  north  of 

T.  3N.,Rs.  12 and  13  E,,  cor.  sees.  7, 18, 13, 12 

Risingsun  station,  crossing  130  feet  south  of   

T.4  N.,R.  12  E.,  comer  sees.  11. 12, 13.  and  14 

Bradner  station,  crossing  150  feet  north  of 

Milepost  21 .  crossing  840  feet  south  of 

Pemberville  station,  crossing  80  feet  north  of 

T.  5  N.,R.  12  E.,  comer  sees.  2, 3, 10.11 

Milepost  16,  crossing  480  feet  Kouth  of 

Lemoyiie  station -  - . 

Pike  crossing 


LiAtitnde. 


41  09  01.2 

83  24  24.8 

41  09  13.0 

83  24  25.6 

41  09  40.7 

83  24  37.1 

41  12  11.9 

as  25  02.2 

41  13  20.6 

83  25  14.3 

41  18  29.6 

83  25  13.7 

41  16  06.8 

88  25  43.4 

41  18  43.5 

83  26  14.6 

41  19  22.6 

88  26  17.8 

41  22  12. 1 

83.26  47.5 

41  24  28.6 

8:i  27  11.3 

41  24  49.6 

88  27  16.7 

41  26  33.2 

83  27  39.9 

41  29  39.6 

83  28  25.7 

41  29  45. 2 

H:\  28  27.0 

J^naitionJi  along  the  TnUuio  and  Ohio  Central  Railuxty  betiveen  Toledo  and 

ColnnUrns, 


Static  m. 


Latitude. 


I^DKitiiile. 


Lime  CMty,  crossing  of  telephone  line  road  at '  41  32  06. 2 

Crossing  of  telephone  line  road 41  29  50. 4 

Dowliug  station,  crossing  250  feet  north  of 41  28  40. 4 

Dowlinj;.  1  i  miles  southeast  of.  corner  sees.  20, 21 ,  28, 29.  41  27  27. 8 

Telephone  line  road 4125  13.3 

Bowlin«<  (ireen  station,  200  feet  north  of,  telephone 

road  crossinjL? 41  22  33. 2 

Corner  Ts.  I  an<i  5  N.,  Rs.  10  and  HE 41  20  31. 3 

Portage  station,  crossing  150  feet  south  of 41  19  35. 9 

Mermill  station,  crossing  200  feet  north  of 41  17  51. 0 

Corner  Ts.  :<  and  I  N..  Rs.  10  and  11  E ^--  41  15  14.0 

Cygnet  station .  crossing  270  feet  north  of i  41  14  23. 5 

Milepost  :5J,  crossing  at     j  41  12  40.0 

West  roruer  sees.  :iO  and  31,  T.  3  N.,  R.  1 1  E |  41  10  55. 8 


8:5  34  01.8 

83  35  15.5 

Ki  35  5  {.6 

83  36  ;^.4 

83  37  46.2 

83  as  40.8 
83  39  02.4 
8:{  :58  44.8 
83  38  44.3 
83  39  00.6 
83  li8  43.3 
88  38  42.8 
83  88  57.6 
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Potsitions  altnig  the  Toledo  and  Ohio  Central  Raihmy  Imttoe^i  Toledo  and 
CoZum5u«— Continued. 


SUtion. 


T^atitade. 


Oalatea.  Baltimore  and  Ohio,  and  Toledo  and  Ohio 
Central  crossing 

Vanburen  station,  crossing  120  feet  south  of 

Mortimer,  crossing  465  feet  south  of  railways 

Mortimer  station 

CJornerTs.  I  and2N.,Bs.  10  and  11  E 

North  Findlay,  crossing  of  Lake  Erie  and  Western 
Railway . .  | 

Findlay,  north  azimuth  stone  at  790  feet  north  of ''  Biv:  { 
Four  *'  crossing,  320  feet  north  of  street,  and  5  feet  ■ 
east  of  east  rail  of  Toledo  and  Ohio  Central  Railway.  ^ 
A  limestone  poet  36  by  7  by  5  inches,  set  34  inches 
in  the  ground.    A  copper  bolt  is  cemented  in  top 

Findlay.  south  azimuth  stone.  268  feet  south  of  ''  Big  | 
Four "  crossing,  4  feet  north  of  sidewalk  on  Main  I 
street,  and  17  feet  west  of  west  rail  of  Toledo  and 
Ohio  Central  Railway.  A  limestone  post  40  by  7  by  i 
5  inches  set  3  j  inches  in  ground,  in  center  of  top  of  | 
which  is  cemented  a  bronze  meridian  tablet.  Azi- 
muth 178   02'  30"  to  north  stone . 

Findlay  station 

Findlay,  crossing  of  Toledo  and  Ohio  Central  Railway 
and  Findlay,  Fort  Wayne  and  Western  Railway 

Milepost  46,  crossing  250  feet  south  of 

Base  line  crossing 

Milepost  40,  crossing  130  feet  south  of. . .    . . 

Milepost  51 .  crossing  200  feet  south  of 

Comer  Ts.  1  and  2  S. ,  Rs.  1 0  and  HE 

Northern  Ohio  Railway  crossing ... 

Arlington  station,  crossing  180  feet  north  of 

Milepost  56,  crossing  470  feet  south  of 

Williamstown  station,  crossing  70  feet  south  of 

Comer  Ts.  2and3S.,  Rs,  lOand  11  E 

Dunkirk  station,  crossing  900  feet  north  of 

Pittsburg,  Fort  Wayne  and  Chicago  Railway  crossing 

Milepost  64,  crossing  910  feet  south  of 

Blanchard  station,  150  feet  north  of;  telephone  line 
road  crossing-       

Milepost  67,  crossing  500  feet  south  of ... 

Milepost  69,  crossing  under  railway  450  feet  south  ot . 


41  10  40.8 
41  08  17.5 
41  06  33.4 
41  06  38.0 
41  04  49.9 

41  02  50.7 


Longritude. 


41  02  23. 4 


83  38  42.8 

8;^ :«  42.8 

83  38  42.0 
83  38  42.0 
83  38  58.3 

83  38  42.2 


83  :i8  38. 9 


41  02  15.0 

83  38  38.5 

41  02  11.0 

8:3  38  37.0 

41  01  20.4 

m   38  32.2 

41  00  28.2 

m   38  28. 1 

40  59  36.0 

83  38  27.0 

40  57  53.4 

83  38  33.5 

40  ,56  08.2 

83  38  32.4 

40  54  23.3 

83  39  03.7 

40  53  56.8 

83  38  48.7 

40  53  34.9 

83  38  48.0 

40  51  46.2 

83  38  40.6 

40  50  01.6 

83  38  49.8 

40  49  09. 7 

83  39  04.6 

40  47  24. 5 

83  38  49.8 

40  47  17.9 

83  38  49.9 

40  44  46.5 

83  38  34.9 

40  43  54. 2 

83  38  35.6 

40  42  14.0 

83  38  36.1 

40  40  30.3 

83  38  35. 1 
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PositiouM  aloim  the  Toledo  and  Ohio  Central  RaUtcay  between  Toledo  and 
Co2unt&u«— GontiDned. 


Station. 


latitude. 


Pike  crrossing 

Kenton,  northwest  azimuth  stone  9  feet  south  of  south 
rail  on  Toledo  and  Ohio  Central  Railway  and  12  feet 
northwest  of  switch  block.  A  sandstone  post  30  by 
6  by  6  inches,  set  2S  inches  in  fp*uund,  in  center  of  top 
of  which  is  cemented  a  Vironze  meridian  tablet.  Azi- 
muth 273  48  22    to  southeast  stone 

Kenton,  southeast  azimuth  stone  on  middle  pier  of 
*<Big  Four*'  Railway  bridge  over  Scioto  River  and 
Toledo  and  Ohio  Central  Railway:  15  feet  south  of 
Toledo  and  Ohio  Central  Railway  and  8^  feet  west 
of  west  rail  of  *  *  Big  Four  "  Railway.  A  copper  bolt 
in  top  of  stonework . 

Kenton  station,  street  crossing  140  feet  east  of 

Erie  Railway  crossing . 

Siding,  crossing  70  feet  north  of  north  end  of 

**  Big  Four  *' Railway  crossing 

Ridgeway  station.  tTossing  175  feet  south  of 

Mileposts  83  aud  84,  crossing  halfway  between,  1,450 
feet  north  of  creek 

Milepost  H(),  crossing  480  feet  north  of 

West  Mansfield,  main  road  running  north  from 

MileiKwt  91 ,  crossing  S'M)  feet  south  of _   

Lnnda  station,  crossing  400  feet  south  of 

Raymonds  station,  crossing  180  feet  northwest  of 

Peoria.  Erie  Railway  crossing  at 

Milepost  98,  crossing  1 .340  feet  south  of 

Siding,  crossing  120  feet  north  of  north  end  of 

Marysville  station,  crossing  100  feet  east  of 

Marysville,  north  azimuth  stone  at  940  feet  north  of 
"  Big  Four"  crossing.  450  feet  Jiorth  of  north  end  of 
Y,  200  feet  nortli  of  east  and  west  road,  and  10  feet 
east  of  east  rail  of  Toledo  and  Ohio  Central  Railway. 
A  sandstone  post  30  l)y  6  by  0  inches,  set  26  inches 
in  ground:  in  center  of  top  is  cemented  a  copper  l)olt 

Marysville,  south  azimuth  stone  at  613  feet  south  of 
crossing  of  **  Big  Four  "  Railway,  6  feet  east  of  east 
rail  of  Toledo  and  ( )hio  Central  Railway.  A  sand- 
stone i)08t  30  by  ()  by  6  inches,  set  28  inches  in  j^rouiid, 
in  cf^nter  of  top  of  which  is  cemented  ;i  bronze  me 

^^4iaD  tablet.    Azimuth  139   43  20    to  north  stone  . 


40  39  19.2 


40  38  40.8 


Lfon^tude. 


83  37  59.9 


40  38  40.0 
40  38  36.9 
40  38  00.6 
40  34  35.9 
40  31  09.6 
40  30  57.9 

40  29  21.1 
40  27  11.0 
40  24  34.3 

40  22  59.3 

41  21  59.2  ; 
40  19  56.2  I 
40  18  39.2 
40  18  05.4 
40  16  2li.9 
40  14  25.7 


83  36  58.1 


83  86  43.3 
83  36  39.3 
83  35  47.3 
83  34  39.9 
83  33  47.6 
83  33  46.1 

83  33  33.6 
83  33  16.9 
83  32  46.7 
83  31  24.0 
m  30  31.7 
83  28  11.5 
K3  27  O4.0 
83  26  34.9 
83  25  11.7 
83  22  13.5 


40  14  12.8  »  83  21  15.7 


40  14  01.1   83  21  02.8 
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Positions  along  the  Toledo  and  Ohio  Centrttl  Railway  bettreen  Toledo  and 
Columbus — Con  tic  aed . 


Station. 


Milepofit  106,  830  feet  sonth  of  pike  and  telephone  line 
crossing 

Milepost  108,  crossing  1 ,3.50  feet  south  of 

Blind  siding,  crossing  20  feet  northwest  of  head  block. . 

Milepost  1  \X  pike  crossing  5*^0  feet  southeast  of 

Arnold  station,  580  feet  southeast  of  pike  and  tele- 
phone line  crossing. 

Flag  station,  telephone  line  200  feet  southeast  of 

Amlin  station,  crossing  100  feet  northwest  of . 

Milepost  122,  crossing  300  feet  southeast  of 

Telephone-line  crossing 

Toledo  and  Ohio  Central  Railway  and  Pennsylvania 
Railway  crossing 

Milepost  127,  crossing  at . .   . .    


Latitude. 


40  13  36.3 
40  12  08.2 
40  10  06.4 
40  08  54.0 

40  08  27. 4 
40  06  15.6 
40  04  36.4 
40  02  54.5 
40  01  66.6 

40  00  04.5 
39  59  36. 1 


Longitude. 


83  20  36.1 
83  19  00.5 
83  16  48.5 
83  15  30.0 

83  15  01.2 
83  12  38.5 
83  10  51.1 
83  09  01.0 
88  07  58. 4 

88  05  57.4 
83  05  26.7 


Meridian  Marks. 
BOWLING   GREEN,  WOOD   COUNTY. 

Ld'-Htioii  of  Htatioii:  In  southwest  corner  of  court-house  grounds. 

Station  mark:  A  limestone  post  3H  by  7  by  5  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  mark:  West  line  of  grounds  21  feet;  south  line  of 
grounds  12  feet. 

Distant  mark :  North  of  station  352  feet,  a  limestone  post  36  by  7 
by  5  inches,  set  36  inches  in  the  ground,  having  a  copper  bolt  cemented 
in  its  top. 

Resident  referee:  County  clerk. 

DELAWARE,  DELAWARE  COUNTY. 

L<M*Htion  of  station:  In  western  part  of  college  grounds. 

StMion  mark:  A  limestone  post  36  by  6  by  6  inches,  set  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  mark:  Fountain  bears  S.  68°  W.,  distance  69  feet;  west- 
ern line  of  college  grounds  50  feet  east. 

Distant  mark :  North  of  stat  ion  480  feet,  a  limestone  post  24  by  6 
by  6  inches,  set  24  inches  in  the  ground  and  having  a  copi)er  bolt 
cemented  in  it«  top. 

Resident  referee:  Custodian  of  college  buildings. 
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FINDLAV,  HANCOCK   COUNTY. 

Ltwatioii  of  st  ation :  In  southeast  part  of  college  grounds. 

Station  mark :  A  sandstone  i)ost  36  by  0  by  G  inches,  set  32  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  mark:  Twenty-four  feet  from  south  fence,  15  feet  from 
east  fence,  and  41  feet  from  water  plug  at  corner. 

Distant  mark:  North  of  station  525  feet,  a  sandstone  post  3f>  by 
f>  by  6  inches,  st»t  36  inches  in  the  ground,  having  a  copi>er  bolt 
cemented  in  its  top. 

Resident  I'eferee:  Pivsident  of  the  school  of  the  Church  of  GckI. 

KENTON,  HARDIN   COUNTY. 

lA>cation  of  station :  In  southeast  part  of  public-school  yard. 

Station  mai  k:  A  sandstone  post  36  by  7  by  7  inches,  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  countersunk  and  cemented 
a  bronze  tablet. 

Reference  marks:  Thirty  feet  north  of  south  fence  and  18  feet  from 
east  fence  and  36  feet  from  southeast  corner  of  school  yard. 

Distant  mark:  North  of  station  315  feet,  a  sandstone  post  30  by  6 
by  6  inches,  set  30  inches  in  the  ground,  liaving  a  copper  bolt  cemented 
in  its  top. 

Resident  refere(^:  President  of  school  board. 

MARYSVILLE,  UNION   COUNTY. 

Location  of  station:  On  church  lot,  U  feet  northeast  of  the  north- 
east corner  of  MetlKKlist  Church. 

St^ition  mark:  A  sandstone  post  36  l)y  6  l)y  6  inches,  set  34  inches  in 
ground,  in  center  of  top  of  which  is  counttji'sunk  and  cemented  » 
bronze  tablet. 

Reference  marks:  Twenty-seven  feet  from  corner  of  street. 

Distant  mark:  In  the  court-house  grounds,  north  of  sUvtion  .0 
feet,  a  sandstone  i)ost  30  by  6  by  6  inclies,  set  28  inches  in  the  ground, 
having  a  copper  l)olt  cemented  in  its  top. 

Resnlent  referee :  County  clerk. 

UPPER   SANDUSKY,   WYANDOT   COUNTY. 

Location  of  station:  In  soutlieastern  part  of  public-school  gi*ounds, 
10  feet  north  of  sidewalk. 

Station  mark:  A  limestone  post  36  by  7  by  7  inches,  set  3-4  inches  in 
tlie  ground,  in  the  center  of  top  of  which  is  counteraunk  and  cemented 
a  bronze  tablet. 

Reference  marks:  A  white  oak  tree,  30  inches  in  diameter,  beai*s 
N.  30  E.,  distant  48  feet. 
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Distant  mark:  North  Of  Htatiou  348  feet,  a  limestone  post  30  by  5 
by  5  inches,  set  30  inches  in  the  ground,  having  a  copper  bolt  cemented 
in  its  top. 

Resident  referees:  School  board. 

WASHINGTON   COURT-HOUSE,  FAYETTE   COUNTY. 

Jjocation  of  station:  Two  feet  from  curb  line  on  north  side  of  Tem- 
ple street,  in  schoolhouse  yard. 

Station  mark:  A  limestone  post  30  by  8  by  8  inches,  set  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  A  locust  tree  20  inches  in  diameter,  bears  S.  80° 
W.,  distant  40  feet;  bay  window  in  new  schoolhouse,  bears  N.  40"^  E., 
distant  171  feet. 

Distant  mark:  Three  hundred  feet  Jiorth  of  station,  a  limestone 
post  30  by  G  by  0  inches,  set  30  inches  in  the  ground,  having  a  copper 
bolt  cemented  in  its  top. 

Resident  referee:  County  clerk. 

KENTUCKY  AND    INDIANA. 
Primary  Traverse. 

Thirty-eight  geographic  positions  in  Kentucky  and  Indiana  were 
determined  fi-om  primary  traverse  by  Mr.  George  T.  Hawkins,  topog- 
rapher, in  1900. 

This  traverse  starts  from  the  Coast  and  Greodetic  Survey  astronomic 
pier  at  Henderson,  Ky.,  and  follows  line  of  the  Louisville,  Henderson 
and  St.  Louis  Railroad  to  Hawesville,  Ky.,  crossing  the  Ohio  River 
by  triangulation,  thence  along  the  Cannelton  branch  of  Louisville, 
Evansville  and  St.  Louis  Railroad  to  Lincoln  City,  Ind.,  connecting 
there  with  point  on  traverse  run  in  1899. 

A  spur  line  follows  the  wagon  road  from  Hawesville,  Ky.,  to  southern 
edge  of  Rockford  quadrangle. 

Bull.  181  -^1 11 
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Oeographic  potnturtiH  along  the  LouusviUe,  Henderson  and  St.  Louis  Railroad, 


Station. 


KENTUCKY. 

Henderson,  astronomic  pier    _ 

Baskett,  road  crossing  at . . .  .     

Spottsville 

Worthington,  road  crossing  at 

Stanley,  road  crossing  west  of  ...  

Griffith,  road  crossing  at 

Road  crossing  near  sawmill 

Road  crossing  at  dtote 

Road  crossing 

Owensboro  station  . . 

Crossing  of  Illinois  Central  and  Louisville  and  Nash 

ville  railroads  . . 

Owensboro,  road  crossing  east  of  . .   

Thraston  or  Pates,  road  crossing  at . . 

Throston  or  Pates,  road  crossing  northeast  of . . . 

Powers,  road  crossing  at 

Road  crossing  nnder  railroad 

Waitmau,  road  crossing  at 

Lewisport,  road  crossing  at . 

Lewisport,  road  crossing;  2  miles  east  of 

Falcon,  road  crossing  at        

Petri,  road  crossing  at 

Hawesville,  crossing  of  Cross  Main  street 


Latitadu 


d^i  50  34.8 
37  53  33.8 
37  53  16.3 
37  50  18.3 
37  4d  31.8 
37  49  00.9 
37  48  39.6 
37  48  35. 3 
37  47  18.5 
37  46  01.5 

37  46  11.5 
37  46  39. 1 
37  47  56.3 
37  49  36. 1 
37  51  57.0 
37  53  36.6 
37  54  33. 1 
37  56  03.6 
37  56  50.8 
37  57  07.5 
37  55  44. 4 
37  54  13.5 


Lon^tade. 


87  35  26.1 
87  27  42.7 
87  24  47.3 
87  17  42.7 
87  14  42.2 
87  12  44.5 
87  10  04.9 
87  09  15.2 
87  08  27.8 
87  06  40.5 

87  05  34.8 
87  04  49.3 
87  03  07.4 
87  01  52.9 
86  59  39.3 
86  58  58.8 
86  56  59.8 
86  53  54.2 
86  50  51.3 
86  49  33.8 
86  48  14.5 
86  44  50.3 


Geographic  positions  alomj  the  Ixjuisville,  EiKinsmlle  ami  St,  Louis  Railroad. 


Station. 


INDIANA. 

Cannelton,  ferry  landing  at . . 

Tell  City  depot 

Windy  Creek  road  crossing 

Troy  station  

Road  crossing  at  east  end  of  big  cut 

Evanston,  center  of  section  4,  .southea-st  of 

Evaoston  station .     

T.  5  S.,  Rs.  4  and  5  W.,  sees.  19  and  24,  j  comer  between 

Kennedy,  road  crossing  at .    

T.  5  S.,  R.  5  W.,  sees,  li  and  10,  i  corner  between .   ... 


Latitude.  Longitude. 


37  54  36.6 
37  56  38.6 
37  59  06. 6 

37  59  47. 3 

38  02  11.3 
38  02  31.5 
38  02  24. 9 
38  04  06. 1 
38  04  46.6 
38  05  55. 1 


86  44  40.6 

86  46  09.8 

86  47  11. « 

86  48  16.1 

86  49  11.2 

86  50  18.5 

86  50  25.0 

86  54  14.0 

86  55  22.3 

86  57  34.9 
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Oeographic  positions  along  wagon  road  from  Haioesville,  Ky,y  to  southern  edge  of 
Rockport  quadrangle  (spur  Traverse  Line). 


Station. 


Latitude. 


Hawesville,  21  miles  south  of,  forks  of  road 37  53  f>8. 0 

Chambers,  forks  of  road  east  of . '    37  50  19.9 

Gomer  of  road  500  feet  north  of  Pellville  and  Knotts- 

villeroad 37  50  07.9 

37  49  26.6 
37  48  37.5 
37  47  16.4 
37  46  08.9 


Floral,  forks  of  road,  3  miles  northeast  of. . 
Floral,  forks  of  road,  U  miles  northeast  of. 

Floral,  cross  roads  at .   . 

Floral,  south  azimuth  mark 


Longitude. 

of  // 

86  46  28.4 
86  46  52.2 

86  47  26. 1 
86  47  22. 1 
86  47  51.7 
86  48  a5.6 
86  48  39. 1 


Meridian  Marks. 
OWEN8BORO,    DA  VIES   COUNTY,    KY. 

Location  of  station:  In  southeastern  part  of  cou-t-h  )Uso  grounds. 

Station  mark :  A  limestone  post  36  by  7  by  7  inches,  set  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  an  aluminum  tablet. 

Reference  marks:  Southeastern  corner  of  court-liouse  l>ears  N.  30° 
W.,  distance  130  feet.  Southeastern  corner  of  grounds  bears  S.  50° 
E.,  distance  70  feet. 

Distant  mark :  North  of  station  300  feet.  A  limestone  post  3(>  by  7 
by  7  inches,  set  36  inches  in  the  ground,  having  an  aluminum  tablet 
countersunk  and  cemented  in  its  top. 

Resident  referee:  County  judge. 

HAWESVILLE,    HANCOCK   COUNTY,    KY. ;   CANNELTON,    PERRY   COUNTY, 

IND. 

Location  of  station:  In  northeastern  part  of  Hawesville,  30  feet 
north  of  railway,  and  on  west  bink  of  creek  and  south  bank  of  Ohio 
River. 

Station  mark:  A  sandstone  post  36  by  8  by  7  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Northeastern  corner  of  Mr.  Carter's  yard  fence 
bears  S.  45°  W.,  distance  70  feet.  Locust  tree  24  inches  in  diameter 
bears  S.  15°  W.,  distance  90  feet. 

Distant  mark:  North  of  station  about  2,700  feet,  in  Cannelton, 
Ind.,  in  south  part  of  town,  on  north  bank  of  Ohio  River,  and  110 
feet  from  and  in  front  of  Sunlight  Hotel,  a  sandstone  post  36  by  8  by 
6  inches,set  36  inches  in  the  ground,  having  a  copper  bolt  cemented 
in  its  top. 

Resident  referee:  County  surveyor. 
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IOWA, 
Primary  Traverse. 

Thirty-five  geographic  positions  in  northeastern  Iowa  determined 
from  primary  railroad  traverse  by  Mr.  George  T.  Hawkins,  topographer, 
in  1899  and  1900. 

The  traverse  begins  at  the  junction  of  railways  at  Independence, 
previously  hicated  by  primary  traverse,  and  follows  the  Burlington, 
Cedar  Rapids  and  Northern  Railway  to  Post\ille,  thence  eastward 
along  the  Chicago,  Milwaukee  and  St.  Paul  Railway  to  McGr^or 
triangulation  station  of  the  Mississippi  River  Commission. 

Geographic  jKntitiotut  along  tfie  Burlington,  Cedar  Rajnds  ami  Northern  Railway, 


Station. 

1 

Latitude. 

Longitude. 

Independence,  junction  of  railways  at ' 

42  28  42./ 

O              1               l> 

91  54  28.9 

T.  89  N. ,  R.  9  W. ,  corner  sees.  21 ,  22, 27,  and  28 

42  39  54.7 

91  54  18.9 

T. 90  N.,  R.  9  W.,  corner  sees. 27, 28, 33. and  34 

42  34  15.1 

91  54  20.8 

T. 90  N.,R. 9  W.,  comer  sees.  9, 10, 15, and  16 

42  36  52.6 

91  54  18.7 

Haz-I^ton  station 

42  37  06.8 
42  40  18.8 

91  54  21.3 

Crossing  Chicago  Groat  Western  Railway  

91  54  42.5 

Gel wein  station 

42  40  44.9 

91  54  42.3 

T. 91  N.,  R. 9  W., center  secttion  20 

42  40  45.4 

91  54  48.8 

T.91  N.,R. 9  W., corner  sets.0. 10, 15, and  16 

42  42  04.6 
42  45  35.9 

91  54  15.3 

T. 92  N..  R.  y  W.,  corner  aecs.  22, 23, 26, and  27 

91  53  01.0 

Maynarfl  station 

42  46  28.8 

91  52  59.4 

T.93N.,R.9  W.,comer  sees.  14, 15,22,and  23      

42  51  44.0 
42  51  49.4 

91  53  06.7 

Randalia  station    . .   ... . . 

91  53  06.7 

Crossing  Chicago,  Milwaukee  and  St.  Paul  Railway  . . . 

42  53  47.3 

91  52  43.2 

T.  94«N.,  R.  11  W.,  corn<?r  sees.  25, 26,  35,  and  36 

42  55  16.6 

91  51  51.6 

West  Union  station  . . 

42  57  18. 3 

91  48  30.4 

T. 94  N.,  R.  8  W.,  sees. 21  and  22,  i  corner  between 

42  56  34.8 

91  47  07.0 

Brainard  station  - 

42  55  52. 1 

91  42  26.4 

T.  94  N..  R.  7  W.,  sees.  29  and  30.  i  corner  l^etween 

42  55  41.3 

91  42  20.1 

Elgin  station ... 

42  57  23.5^ 

91  38  31.3 

T.  94  N. ,  R.  7  W.,  sees.  14  and  15,  i  corner  between 

42  57  24. 7 

91  38  47.9 

T.94N.,R.7  W.,secs.2,3, 10,and  11, corner  of.   

42  58  42.8 

91  38  45.9 

Clermont  station 

43  00  14.2 

91  39  11.1 

Postville,  junction  3  miles  west  of 

43  04  40.9 

91  37.48.0 

wiuos  rr  auI  lfI8Horilf .  1  iM 

(itographic pnmHoiiH  along  the  Chicago^  Milteaukre  ami  St,  ISiul  /{nilnnnl. 

atatioiL  IjAtitiulf.  Lniiiritud«v 


Poitville  statioii 4:J  a**  II.h  ftl  :m  17.0 

T.96N..R.6  W.,  tecs. 3:imnd  32, ic«»nier  between  4:i  (Ci  '^0.7:1  \n  :\\  <is.:< 

Luna  Btation 4:<  0:i  .TJ.Wi  111  ?7  in».:J 

Monona  station 4:m«  i:i.  s  lu  ja  .{:».  s 

T.96N.,R.O  W.,8ecs.ll,12,13.and  14,cornerof.     .  4a  n:MW.7  tH  :>:j  .M.s 

Vildora  station    . 43  01  •.»«.:  1*1  21  o:».7 

Bealah  rtation      4:J  01  :M.r.  HI  is  .uj.s 

Gi»rd  station   4a  02  15.0    '  IM  15   12.1 

West  MtKvregnr  fitation 4a  (I2  2H.U  IM  11  57.5 

North  McGregor,  rrominKof  railroadn  at  4a  ()2  an.ri  <ii  10  tv>.:{ 
Md^rej^or.  Mississippi   River  CommisHion  triarigula- 

tioDMtation  la  oa  ai.'.»:;  in  10  ii».:{5 


MISSOURI. 
Primary  Traverse. 

Fifty-seven  j?eojrrap]iic  iM>siti<)ns  (li»t<*nniii(Ml  hy  primary  nnlrojul 
traverse  by  Mr.  (Joor^je  T.  Ilawkiii.s,  toiM)jrraph«T,  in  T.mm). 

Startinjr  from  V.  S.  Mississippi  Kivor  ('onnnissidii  trian;rnlalioii 
station  Quincy,  the  travorw*  was  run  alony:  thr  line  of  Omaha,  Kansas 
City  anil  (Juiiie}'  liailmwl  to  Kirksvilh*;  IImmmm'  lo  (;|«mi\voo<I,  via 
Wabash  RaiilrcMui;  then<»«»  oa.stwaid  to  WaylamL  via  Keokuk  ami 
Wf*stern  RHiln>^Ml,  and  then»  eonnectiMl  witli  W  S.  Mississippi  KiviT 
Conunission  t.rian^iibition  station  Fox  l^iver. 

(retHjraphir  jMMttinnJt  ahtHtj  thf  Onuihtt,  Kansas  Cifi/  ami  (^tiinci/  RnilnMid. 

station.  Iwitituihv  li«.ii>ritudi'. 

Qnincy.  Mississippi   River  ConniiisHinn  trianLTulHtioii 

staticm .   ..  ai)  5ri  :{i.u<)  9l2l5l.i.s 

West  Qnincy  station ai»  ."iij  n7.<»  lU  2(J  (K).  1 

Taylor  station .  ai»  5r,  17.5  IM  ai   is.o 

Maywood  station .   .  ai»  57  11.  a  i»l  a5  :>«.  1 

T.00N..R8.fiana  7  W.,8e<-8.  ai  an«l  ao,  }.  corner  !»- 

tween... ,  ao  57  15.«  I  01  a7  (»2.3 

Durham  station ao  5N  :|0.  l  9130  57.4 

T.WN..  R.  7  W.,  sees.  7, 8, 17,  and  IS.  corner  of      .-.  40  00  17.3  1  91  42  :W.3 

Ewingstation 40  00  18.9  i  91  42  TiO.S 

T.  «1  N..  R.  H  W.,  8ecR.2«  and  27,  i,  comer  lietw<»en  40  03  24.5  1  91  4«  02.5 
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Geographic  positions  along  the  Omaha,  Kansas   City  and  Quincy    Railroad— 

Continned. 


Station. 


Lewistown  station 

T.  61  N.,  R.  8  W. ,  comer  on  range  line  between  sees.  7 

and  18 

T.61  N.,  R.  9  W.,  sees.  3, 4, 9,  and  10,cornerof 

Labelle  station _ 

Knoic  station 

T.  62  N.,  R.  10  W.,  sees.  19, 20, 29,  and  30,  corner  of  

T.  62  N.»  R.  11  W.,secs.20and  21,  i,  comer  between. 
T.  62  N.,  Rs.  11  and  12  W.,  sees.  19  and  24,  i,  comer 

between. .  

Edina  station 

T.  62  N..  R.  13  W.,  sees.  24  and  25,  i,  comer  between. 

Hardland  station 

Crossing  Atchison,  Topeka  and  Santa  Fe  Railway  and 

Omaha,  Kansas  City  and  Qnincy  Railway 

Brashear  station 

T.  62  N..  R.  14  W.,  sees.  24  and  25,  i,  comer  between 
T.62  N.,  Rs.  14  and  15  W.,  sees.  13  and  18,  i,  corner 

between _ 

Kirksville,  crossing  Wabash  railroad 


Latitnde. 


40  a5  08.6 

40  05  37.4 
40  06  30.5 
40  07  02.7 
40  08  35.1 
40  09  11.3 
40  09  39.7 


40  09  41.6 

40  09  45.2 

40  09  14.8 

40  09  06.5 

40  08  46.9 
40  08  45.2 
40  09  12.3 

40  10  32. 1 
40  12  05.0 


Loagltade. 


91  48  57.3 

91  50  16.2 
91  53  40.3 

91  54  59.9 

92  00  38.5 
92  02  35.6 
92  08  00.9 

92  10  30.8 
92  10  40.5 
92  17  55.4 
92  18  09.7 

92  20  05.6 
92  22  42.3 
92  24  43.8 

92  30  56.1 
92  35  10.5 


Oeographic  positions  along  Wa1>ash  Railnxul  betv^en  Kirksville  and  Olenicood, 


Station. 


T.  63  N.,  R.  15  W. ,  sees.  20  and  21,  i,  comer  between 
T.  65  N., R.  15  W.. sees.  3.S  and  34,  corner  on  township 

line  between 

Sublett  station . 

Qreentop  station . 

Queen  City  station 

T.  65  N..  R.  15  W.,  comer  secJi.  21, 22, 27,  and  28 

Jnlesbnrg  station 


Latitude. 


40  14  59.7 

40  18  03. 1 
40  18  09.8 
40  20  47.6 
40  24  28.7 
40  25  27.8 
40  27  54.5 


T^ngitnde. 


92  35  31.5 

92  34  22.6 
92  34  13.0 
92  34  03.3 
92  34  09.6 
92  34  41.4 
92  36  21.5 


WILdON  ET  AUj 
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Oeographic  positions  along  or  near  Keokuk  and  Western  railroad^  hetu^een  Glen- 
wood  and  Wayland, 


Station. 


T.  66  N.,  R.  15  W.,  sees.  14,  15,  22,  and  23,  corner  of. . . 
T.  66  N.,  R.  14  W..  sees.  13  and  24,  corner  on  range 

line  between . . 

Croesing  of  railroad  and  range  line  between  Rs.  13  and 

14,T.66N 

T.  66  N.,  R.  13  W.,  sees.  28.  29,  32,  and  33,  corner  of. . 

Downing  station 

T.  65  N.,  R.  l4  W.,  sees.  5  and  6,  comer  on  township 

line  between 

Crawford  station 

Memphis  station  . .  _   

T.  65  N.,  R.  11  W.,  sees.  8  and  9.  i  corner  b-tween     . 
T.65  N.,  R.  11  W.,  sees.  10  and  11 ,  i  corner  between. 

Arbela  station ...  

Granger  station 

T.  65  N.,  R.  10  W.,  sec.  2,  center  of 

T.  65  N.,  Rs.  9  and  10  W. ,  crossing  of  railroad  and  range 

line  between 

Laray  station    

T.  65  N.,  R.  9  W.,  sees.  U  and  14,  i  corner  between  . . 
Ashton  station 

T.  65  N.,  R.  8  W..  sees.  8,  9, 16,  and  17,  corner  of 

Crossing  of  Atchison,  Topeka  and  Santa  Fe  Railroad 

Kahoka  station . 

Clark  City 

T.  a5N.,  R.  7  W..  sec.  21,  center  of 

T.  65  N.,  R.  6  W.,  sees.  29,  30,  31,  and  32,  comer  of . .   . 

Wayland  station 

Fox  River,  Mississippi  River  Commission  triangula- 

tion  station . 


Latitude. 

40  31  07.4 

40  31  09. 3 

40  30  13.9 
40  29  29.8 
40  29  13. 6 

40  28  39.3 
4(^28  28.4 
40  27  13.8 
40  27  22.4 
40  27  20. 1 
40  24  49.6 
40  28  00. 0 
40  28  05.7 


40  27 
40  27 
40  26 
40  26 
40  20 
40  26 
40  25 
40  25 
40  25 
40  23 
40  23 


41.4 
03.0 
41.3 
46.6 
41.7 
17.9 
22.1 
11.0 
09.5 
41.8 
42.2 


40  21  34.82 


Liongritiide. 


92  33  29. 9 

92  31  14.3 

92  24  57.6 
92  22  16.6 
92  22  07. 7 

92  16  29.3 
92  16  29.0 
92  09  56.9 
92  08  04. 2 
92  05  47.3 
92  00  58.8 
91  58  31.9 
91  58  31.4 


91  56 
91  52 
91  51 
91  48 
91  48 
91  46 
91  43 
91  40 
91  40 
91  35 
91  35 


43.6 
29.1 
46.7 
26.4 
00.4 
32.4 
02.4 
53. 5 
23.9 
16.1 
07.4 


91  35  20.87 


MISSOURI-KANSAS. 
Primary  Traverse. 

Forty  geographic  positions  along  or  near  the  Kansas  City,  Fort  Scott 
and  Memphis  Railway  between  the  astronomic  pier  at  Fort  Scott, 
Kans. ,  and  the  astronomic  pier  at  Springfield,  Mo. ,  located  from  primary 
railroad  traverse  by  Mr.  George  T.  Hawkins,  topographer,  in  1900. 
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Oeographic  jwsitioTis  aloiig  the  Kansas  City,  Fort  Scott  and  Memphis  Railway, 


Station. 

Latitade. 

Longitude. 

Fort  Scott  astronomic 

KANSAS. 

,  pier 

O           1            'f 

87  50  25.76 
87  47  10.2 
37  45  86.2 
87  45  16.7 
37  44  49.4 
87  48  56.2 
87  40  27.5 
87  88  42. 1 
37  88  38.7 
37  87  47.8 

37  36  18.6 
87  38  58.8 
37  38  87.9 
87  88  28.9 
87  31  08.9 
37  81  02. 1 

37  30  59. 1 
37  29  13.8 
37  28  16.6 
37  26  17.9 

37  25  31.2 
37  24  01.3 
37  24  04. 1 
37  23  82.7 
37  23  16. 0 

37  23  09. 5 
37  22  46.4 
37  22  29.9 
37  22  34. 3 
37  21  29.6 
37  20  36.8 
37  20  28.3 
37  19  32.0 
37  19  04.5 
87  19  01.9 

94  42  26.75 

Washburn  station . . . 

94  41  51.2 

Clarksbarg  station 

94  89  28. 1 

T.  26  S.,  R.  25  E.,  sees.  26, 27, 84,  and  35,  corner  of 

T.26S..R.2oE.,sec.36,8ontheastcomerof--. 

Garland  station 

94  38  58.0 
94  88  24.4 
94  87  19.2 

T.  27  S.,R.  25  E.,  sees.  23, 24, 25,  and  26.  comer  of 

Arcadia,  section  comer  4  milA  west  of 

94  87  50.0 
94  37  50.0 

Arcadia  station 

94  37  40.0 

Crossing  of  railway  an^Kansas-Missonri  State  line  . . . 

MISSOURI. 

Iiast  Chance  station .. 

94  .S7  03.6 
94  35  29.2 

Ts.  32  and  33  N. ,  R.  3:^  W. ,  sees.  2, 3, 34,  and  35,  comer  of. 

Liberal,  crossing  of  railroads 

Liberal  station 

94  31  59.0 
94  31  27.5 
94  31  13.9 

T.  32  N.,R. 32  W., sees.  13, 14, 23, and 24, corner  of 

lantha  station -  -   -  -  -   - 

94  24  24.0 
94  28  57.0 

T.  32N.,  Rs.  31  and 

range  line  between 

Lamar  station 

32  W.,  crossing  of  railway  and 

94  28  18.4 

94  16  44.9 

T.  32  N..  R.  30  W.,  sec.  32, }  corner,  south  side  of 

Renoma  station     

T.  31  N.,  Rs.  29  and  30  W.,  sees.  18, 19, 24. and  13,  cor- 
ner of       .             

94  15  13.1 
94  11  58.3 

94  10  18.0 

Golden  City  station 
T.31  N.,R.29  W..SPC. 

2fi.  npnt^r  of 

94  OTy  28.7 
94  05  24.1 

T. 31  N.,  R.  28  W.,  sees.  17, 18. 19,  and 20, corner  of 

Lock  wood  station 

94  02  40.5 
93  57  17.4 

T.  31  N.,  Rs.  27  and 
range  line  between. 

28  W.,  crossing  of  railway  and 

98  56  05.6 

Fletcher  station 

93  53  44.8 

T.30N..R.2GW.,8ec 

fi.  4-  nomfir  north  of 

93  50  25. 1 

South  Greenfield  station 

93  50  23.7 

Pilgrim  station 

T.  30  N.,  R.  25  W.,  sees.  8  and  17,  i  comer  between 

Everton  station 

93  46  34.2 
93  42  26.5 
93  42  19.8 

Emmet  station  ...     . 

93  39  35.8 

T.30N.,R.24  W.,secs 
Ash  Grove  station 

1. 20  and  21,  ^  corner  between 

__ 

93  35  19.3 
93  35  16.2 

WTLAON  KT  AI^.] 
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Oeographic  positions  along  tlie  Kansas  City,  Fort  Scott  and  Memphis  Railway — 

Ck>ntiiined. 


Station. 


MISSOURI— continned. 

T.  30  N. .  R.  24  W. ,  sees.  34  and  35,  south  corner  of . 
T.29N.,R.34  W.,flec8.1  and  1,  2  and  2,  corner  of 

Bois  D^Arc  station 

T.  29  N. ,  R. 23  W.,  aecs  9, 10, 15,  and  IG,  corner  of. . 

Blwood  station 

Nichols  Junction 


latitude. 


37  10  52.9 
37  15  33. 5 
37  15  30.3 
37  13  43.2 
37  13  35.3 
37  13  10.2 


I^ongritntle. 


93  38  12. 1 
93  30  48.5 
93  30  28. 1 
93  26  28. 1 
93  25  55.9 
93  21  52.9 


The  following  positions  were  obtained  by  Mr.  George  T.  Hawkins, 
topographer,  in  1900,  from  primary  traverse,  which  starts  from  Spring- 
field, Mo.,  astronomic  pier  and  follows  the  St.  Louis  and  San  Francisco 
Railroad  to  Oswego,  Kans.,  where  it  was  connected  with  the  court- 
house spire,  locateil  by  astronomic  methods  in  1884. 

Oeographic  positions  along  the  St,  lAynis  and  Saji  Francineo  Railr<xtd, 


Station. 


MISSOURI. 


Springfield  astronomic  pier..   

Dorchester  station  

T.  28N..  R.  23  W.,  sec.  2,  i  corner  north  of 

Brookline  station .  ...  .. 

Republic  station 

T.  28  N.,  R.  23  W..  sees.  19  and  20,  i  comer  between . 

T.  27  N.,  R.  24  W.,  sees.  4.  5,  8,  9,  corner  of 

Billings  station 

Logan,  section  comer  just  east  of 

Logan  station 

Marionville  station 

Aurora  station 

T.  26  N.,  R.  26  W.,  sees.  11  and  12,  i  comer  between. 

Verona  station 

T.  26  N.,  R.  26  W.,  sees.  17  and  20,  i  comer  between. 
T.  26  N.,  R.  27  W.,  sees.  25  and  30,  }  corner  between. 

Qlobe  station . . 

Monett  station 

Pierce  City,  sees.  21  and  28.  i  comer  between 

Pierce  City  station 

Snyder  station 

T.  26  N.,  R.  28  W.,  sees.  17  and  18,  i  comer  between. 


Jjatitude. 


37  13 
37  12 
37  10 
37  09 
37  07 
37  07 
37  04 
37  04 
37  01 
37  00 
36  59 
30  58 
36  58 
36  57 
36  57 
36  56 
36  55 
36  55 
36  56 
36  56 
36  58 
3ft  5S 


15.96 

36.4 

12.0 

50. 2 

11.1 

09.9 

10.1 

03.4 

07.0 

51.8 

59.9 

37.5 

38.1 

54.0 

24.6 

07.7 

53.6 

14.6 

46.5 

41.8 

01.7 


Loniritndo. 


93  17  17.58 
93  23  13.3 
93  24  56. 7 
93  25  12. 7 
93  28  53.2 
93  28  52.6 
93  33  18.3 
93  3:5  19.9 
93  36  37. 7 
93  37  00. 6 
93  37  53. 0 
93  43  16. 2 
93  44  11.8 
93  47  52.4 
93  47  59.5 
93  49  39. 1 
93  51  09.4 

93  55  19.8 

94  00  00.2 
94  00  10.9 
94  01  10.6 
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Stotion. 

Latitude. 

Longitude. 

MISSOURI— continued. 

Wentworth  station 

36  59  43.6 

37  00  58. 1 

94  04  23.5 

Talmage  station  .     . 

94  05  36.2 

Talmage,  section  comer  at 

37 

01  15.7 

94  05  46.3 

T.  27  N.,  R.  29  W.,  sees.  20  and  21,  i  corner  between  . 

37  02  35.6 

94  06  48.4 

Sarcoxie  station 

37  04  03.0 

94  07  01.1 

T.  28  N.,  R.  30  W.,  sees.  25  and  36,  corner  on  range 

line  between        

37 
37 

06  34.4 

07  06.1 

94  08  51.4 

Reeds  station 

94  10  04.5 

T.  28  N.,  R.  30  W.,  sees.  17.  18, 19,  20,  comer  of 

37 

08  27.1 

94  14  14.8 

Knights  station    

37  08  35.2 

94  14  59.6 

T.  28  N..  R.  31  W.,  sees.  U,  12,  13,  14,  corner  of 

:J7  09  20.4 

94  16  26.0 

Carthage  station 

37 

11  06.1 

94  18  35.7 

T.  28  N.,  R.  31  W,,  sec.  6,  one  fourth  comer  west  of 

(elevation  960  feet) . 

37 

10  39.2 

94  20  42.7 

Crossing,  north  and  sonth  (elevation  998  feet) .   

37  10  44. 1 

94  21  53.8 

Ma<'y  station 

37 
37 

11  11.6 
11  40.6 

94  33  48.0 

Mansur  station _ . . 

94  25  07.2 

Boysur,  road  crossing  . . 

37 

11  46.1 

94  26  44.8 

Joplin  Jnnction.  head  block 

37 
37 

11  43.6 

12  03.0 

94  27  44.3 

T.  29  N.,  R.  33  W.,  sees.  25,  26,  35,  and  36.  corner  of 

94  29  24.6 

T.  28  N.,  R.  33  W..  sees.  4  and  5,  corner  on  township 

line  between 

37 

11   17.0 

94  32  40.1 

Crossing,  Missouri  Pacific  Railway 

37 

11  08.3 

94  32  49.5 

Carl  Junction 

37 

10  46. 5 

94  33  50.5 

Smithfield  station . . 

37 

10  10.6 

94  36  09. 1 

Missouri-Kansas  State  Lino  and   "Frisco"  Railway, 

crossing  of      .    .   .           . 

37 

10  01.6 

94  37  02.9 

KANSAS. 

T.  33  S.,  R.  25  E..  sees.  17  and  18,  i  corner  l>etween.. 

37 

10  17.4 

94  42  13.3 

Crestline  station .     

37 

10  17.4 

94  42  17.1 

T.  33  S.,  R.  24  E.,  sees.  13  and  14,  i  corner  between . . 

37 

10  17.6 

94  44  24.6 

T.  33  S.,  R.  24  E.,  sees.  16  and  17,  i  corner  between . 

37 

10  18.1 

94  47  41.3 

Kansas  City,  Pittsl)urg  and  Gulf  Rwy.,  crossing  of 

37 

10  35.4 

94  50  12.1 

Columbus  station 

37 

10  34.2 

94  50  32.4 

Sherwin,  crossing  of  Missouri  Pacific  R.  R . . 

37 

10  48. 6 

94  56  51.5 

T.  33  S.,  Rs.  22  and  23  E.,  sees.  7,  18,  12,  13,  corner  of. . 

37 

10  47. 9 

94  57  29.0 

Oswego,  section  corner  3  miles  east  of 

37 

09  56. 3 

95  02  56.5 

Oswego,  court-house  spire .... 

37 

09  58.9 

,     95  06  24.0 
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Meridian  Marks. 
EDINA,    KNOX   COITNTY,    MO. 

Location  of  station:  In  court-house  square. 

Station  mark:  A  granite  post  36  by  6  by  6  inches,  set  34  inches  in 
the  ground,  15  feet  north  of  east  and  west  walk  and  78  feet  from  fence 
on  east  side  of  grounds.  In  center  of  top  of  the  post  is  countersunk 
and  cemented  a  bronze  tablet. 

Distant  mark:  Four  hundred  feet  north  of  station,  a  marble  post 
20  by  6  by  6  inches,  set  20  inches  in  the  ground,  in  center  of  top  of 
which  is  cemented  a  copper  bolt.  Stone  is  10  feet  south  of  enni  and 
west  fence  on  north  side  of  square  and  80  feet  from  fence  on  east  side 
of  grounds. 

Resident  referee :  County  clerk. 

CARTHAGE,    JASPER   COUNTY,    MO. 

Location  of  station:  In  west  part  of  Central  Park. 

Station  mark:  A  limestone  post  42  by  8  by  0  inches,  set  40  inclies 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks :  Forty-eight  feet  from  southwest  corner  of  park 
and  1  foot  from  line  of  fence. 

Distant  mark:  North  of  station  252  feet,  a  limestone  post  30  by  8 
by  6  inches,  set  28  inches  in  ground  and  with  a  copper  bolt  cemented 
in  its  top. 

Resident  referee:  County  clerk. 

KAHOKA,   CLARK   COUNTY,   MO. 

Location  of  st.ation:  In  eastern  part  of  court-house  grounds. 

Station  mark:  A  marble  post  30  by  C  by  (J  inches,  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  countc^rsunk  and  cements 
a  bronze  tablet. 

Reference  marks:  An  ash  tree  10  inches  in  diameter  N.  73°  W., 
distant  24  feet.  An  ash  tree  14  inches  in  diameter  N.  (iO''  E.,  distant 
16  feet. 

Distant  mark:  North  of  station  300  feet,  on  inside  line  of  sidewalk 
on  north  side  of  grounds,  a  marble  post  30  by  G  by  6  inches,  set  30 
inches  in  the  ground ;  has  a  copper  bolt  cemented  in  its  top. 

Resident  referee:  County  clerk. 

KIRKSVILLE,  ADAIR  COUNTY,  MO. 

Location  of  station :  In  northwest  part  of  Normal  School  grounds. 

Station  mark:  A  limestone  post  36  by  G  by  G  inches,  set  34  inches 
in  the  ground,  in  the  cent-er  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 
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Referoneo  marks:  A  maple  tree  10  inches  in  diameter  bears  N.  40^" 
E.,  distant  G3  feet.  A  maple  tree  24  inches  in  diameter  bears  S.  80° 
W.,  distant  72  feet. 

Distant  mark:  A  limestone  post  24  by  (5  by  6  inches,  set  24  inches 
in  the  ground,  360  feet  north  of  station,  28  feet  southwest  of  large 
maple  tree,  and  120  feet  from  northwest  corner  of  grounds.  Stone 
post  has  a  copper  l)olt  cemented  in  center  of  its  top. 

Residence  referee :  County  clerk. 

LAMAR,  BARTON   COUNTY,  MO. 

Location  of  station :  In  west»em  part  of  court-house  grounds. 

Station  mark :  A  limestone  post  36  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Southwest  corner  of  court-house  N.  35°  E.,  dis- 
tant 132  feet.  Southwest  corner  of  grounds  bears  S.  50°  W.,  distant 
63  feet. 

Distant  mark :  North  of  station  322  feet,  a  limestone  post  24  by  9 
by  9  inches,  set  24  inches  in  the  ground,  with  copper  bolt  in  its  top. 

Resident  referee:  County  clerk. 

T.ANCASTKR,  SCHUYLER  COUNTY,  MO. 

Location  of  station :  In  east  part  of  public-school  yard. 

Station  mark:  A  limestone  post  40  by  S  by  6  inches,  set  30  inches 
in  the  trround,  in  the  center  of  top  of  which  is  countersunk  and 
ceni<Mit4»d  a  bronze  tal)let. 

Reference  marks:  Southeast  corner  of  schoolhouse  N.  10°  30'  W., 
distant  123  feet;  3  f<»et  from  south  line  and  45  feet  from  east  line  of 
j^rounds. 

Distant  mark :  North  of  station  276  feet,  on  line  of  sidewalk  on  north 
side  of  stre(*t ,  36  feet  west,  of  st  reet  corner,  a  limestone  post  30  by  8 
by  S  inches,  set  30  in<*hes  in  ^rround,  bavin ji:  a  copi)er  bolt  cemented 
in  its  top. 

Resident  referee:  County  cbM'k. 

MEMPHIS,  SCOTLAND    COUNTY,  MO. 

Location  of  station:  In  eastern  part  of  high-school  grounds. 

Station  mark:  A  limestone  post  40  by  8  by  6  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Southeast  corner  of  schoolhouse  N.  16°  W.,  dis- 
tant 123  f(»et.  Maple  tree  S  inches  in  diameter  bears  N.  74°  E.,  dis- 
tant 30  feet . 

Distani  mark:  North  of  station  290  feet  and  4  feet  south  of  north 
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fence.     A  limestone  post  30  by  8  by  8  inches,  set  30  inches  in  the 
ground,  with  copper  bolt  cemented  in  the  top. 
Resident  referee:  County  clerk. 

COLUMBUS,  CHEROKEE  COUNTY,  KANS. 

Location  of  station:  In  eastern  part  of  court-house  grounds. 

Station  mark:  A  limestone  post  36  by  G  by  6  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Southeastern  corner  of  court-house  N.  oO""  W., 
distant,  84  feet.  It  is  21  feet  from  south  line  and  30  feet  from  east 
line  of  grounds. 

Distant  mark:  North  of  station  270  feet.  A  limestone  post  24  by  <> 
by  G  inches,  set  24  inches  in  the  ground,  in  the  center  of  top  of  which 
is  set  a  copper  bolt. 

Resident  referee:  County  clerk. 

ARKANSAS. 


Primary  Traverse. 

Twenty-two  geographic  positions,  determined  by  Mr.  Geo.  T.  Haw- 
kins, topographer,  from  primary  traverse  in  Arkansas,  in  10(K).  The 
line  starts  from  a  jwsition  in  front  of  station  at  Gurdon,  established 
by  primary  traverse  in  1808,  and  follows  the  St.  Louis,  Iron  Mountain 
and  Southern  Railway  to  Camden;  thence  along  the  St.  Louis  and 
Texas  Railway  to  Harlow. 

Geographic  positurnn  in  ArkauMos. 


Station. 


Gnrdon  station 

Whelan  station. . . 

Sayre,  road  crossing  at 

T.  1 1  S. ,  R.  19  W. .  sees.  29  and  30,  i  corner  between    . . . 

Basham  station 

Cbidester  station 

T.12S..R.  19  W.,8ecs.  11,12, 13, 14,  corner  of 

Van  Wagoner  station  

Wiaestation.  .  

Lester,  crossing  i  mile  north  of     ,     . . 

Camden,  at  road  crossing  1  mile  northwest  of,  iron 

bench-mark  post,  elevation  143  feet 

Camden,  crossing  of  telephone  line. 


Jjiatitiide. 


33  55  08.0 
33  49  47. 1 
33  45  04. 3 
33  45  02. 7 
33  43  21.7 
33  42  07.9 
33  41  55. 1 
33  41  00.9 
33  39  30.9 


33  38  56.0  I 


Lonipitudo. 

93  09  12. 1 
93  07  36.3 
93  05  32.3 
93  05  15.2 
93  03  14.0 
93  01  14.1 
93  01  10.4 
92  59  15.1 
92  56  02.5 
92  55  06.8 


33  35  44.9  ,  92  51  10.5 
33  34  55.8   92  50  00.6 
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Station. 


Camden,  croesing,  street  to  Iron  Mountain  station  at 
south  end  of  bridge    . .         .  

Camden,  road  crossing  at  post-office  4  miles  northeast 
of 


Lilley  station 

Onalaska  station 

E^le  Mill  station 

Millville  station . .  . . 

T.  11  S.,R.15W.,secs.34and3o,  i  comer  between. 

Bearden  station . 

Best  station 

Harlow  station 


Latitade. 


33  34  51.0 

33  39  02.9 
33  40  09.3 
33  40  19.8 
33  40  53.2 
33  42  22.7 
33  43  30.6 
33  43  22.1 
33  43  40.9 
33  44  45.3 


Longitude. 


92  49  41.4 

92  46  24.7 
92  44  25.2 
92  43  57.6 
92  42  30.5 
92  39  19.1 
92  37  14.5 
92  36  58.6 
92  36  18.3 
92  33  59.8 


Meridian  Marks. 
CAMDEN,    OUACHITA   COUNTY,    ARK. 

Location  of  station :  In  western  part  of  court-house  grounds. 

Station  mark:  A  limestone  post  42  by  8  by  8  inches,  set  38  inches 
iu  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tiiblet. 

Reference  marks :  27  feet  from  west  gate,  39  feet  from  west  door  of 
court-house,  and  6  feet  south  of  walk. 

Distant  mark :  260  feet  north  of  station,  in  northern  part  of  Methodist 
churchyard,  across  street  from  court-house,  2  feet  from  north  line  of 
churchyard  and  10  feet  from  north  wall  of  church,  a  limestone  post 
30  by  8  by  8  inches,  set  30  inches  in  the  ground,  having  a  copper  Iwit 
set  in  center  of  its  top. 

Resident  referee:  County  clerk. 


ItOCKY  MOUNTAIN  SECrriON  OF  TOPOGRAPHY. 

SOUTH  DAKOTA-WYOMING. 
Triangulation  Stations. 

In  1000  Mr.  A.  F.  Dunnington,  topographer,  executed  control  for 
the  Edgemont  quadrangle  by  reoccupying  Fossil,  Bradley,  Sullivan, 
and  Alkali,  and  establishing  two  new  stations — Provo  and  Cotton- 
wood. He  also  extended  triangulation  northward  from  Terry  Peak, 
Bear  Butte,  and  Crow  Peak,  occupying  eight  new  stations,  control- 
ing  three  30-minute  quadrangles. 
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PROVO,  FALL  RIVER  COUNTY,  S.  DAK. 

On  highest  point  of  knob  on  west  end  of  bald  ridge  2  miles  south- 
east of  Provo  station,  Burlington  and  Missouri  River  Railroad,  and 
about  10  miles  south  of  Edgemont. 

Station  mark:  A  bronze  bench-mark  tablet  cemented  in  sandstone, 
9  by  13  by  0  inches,  set  flush  with  surface  of  ground. 

[Latitude  43"  10  18.03".     Longitude  103^^  48  12.52  .] 


To  station— 


Cottonwood 
Sulliyan 

Bradley 

Fossil 


Azimuth. 

Back  azimuth. 

Log.  distance. 

o            '            // 

o        /          n 

Meters. 

111  22  38.98 

291  10  41.84 

4.4043384 

161  40  02.55 

341  32  07.30 

4.6932508 

208  34  01.20 

28  41  37.58 

4.4956729 

261  06  55. 77 

81  19  23.45 

4.3973066 

COTTONWOOD,  CONVERSE   COUNTY,  WYO. 

This  station  is  on  the  highest  point  of  the  bald  divide,  about  2^^ 
miles  west  of  the  Dakota- Wyoming  State  line.  It  is  G  miles  north- 
west of  the  junction  of  Alum  and  Cottonwood  creeks  and  about  2^ 
miles  southwest  of  south  end  of  hay  road,  which  bears  southwest,  and 
leaves  the  Edgemont  and  Lance  Creek  wagon  road  about  8  miles  west 
of  Edgemont. 

Station  mark:  A  bronze  bench-mark  tablet  set  in  sandstone,  10  by 
10  by  6  inches,  3  inches  below  surface  of  ground;  a  mound  of  small 
stones  was  erected  over  tablet. 

[Latitude  43°  15'  16.38  ".     Longitude  104"  05'  39.88  ".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Alkali  Rnttfi 

143  49  32.35 
191  57  58. 51 
291  10  41.84 

O           '            n 

323  33  37. 12 

12  02  02.85 

111  22  38.98 

Meters. 
4. 7222458 

Sullivan 

4. 5849751 

Provo  

4.4043384 

OWL  BUTTE,  BUTTE   COUNTY,  S.  DAK. 

A  lone,  bare  butte  in  open  prairie  about  35  miles  northeast  of  Stur- 
gis,  on  divide  east  of  Willow  Creek.  Station  is  near  the  center  of 
summit. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  rock  in 
place. 
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To  station— 

A-««th. 

Back  Hiimrtli. 

Lo«.dMnefc 

BearButte. 

•           f                tl 

28  86  51. IS 

79  82  16.88 

141  36  80.14 

•          f             n 

208  88  82.66 
250  10  20.70 
821  26  47.26 

Jfefara. 

4.6012777 

SuaiePeak         

Castle  Bock   

4.68U6M 

CASTLB  ROCK,  BUTTK  COUNTY,  8.  DAK. 

A  prominent  peak  in  T.  12  N.,  K.  5  E.,  Black  Hills  meridian,  28 
mile8  air  line  northeast  of  Belle  Fourche,  12  miles  southwest  of  juno- 
tion  of  Sand  Creek  and  South  Fork  of  Moreau  River.  The  summit  is 
a  narrow  ridge  about  150  yards  in  length,  the  station  being  on  a  knob 
at  northern  end,  which  is  about  10  feet  lower  than  south  end.  Road 
from  Belle  Fourche  to  Slim  Buttes  passes  from  southwest  to  northeast 
about  2  miles  east  of  the  peak. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  flat  rock 
buried  in  the  ground  flush  with  surface. 

[Latitude  45**  00'  88.65".    Longitude  108**  26'  50.82".] 


To  station— 

Admnth. 

Back  aslmoth. 

Los.dftrtaiioe. 

Suflie  Peak 

86  58  45.89 

90  11  13.43 

331  36  47.35 

357  49  38.83 

•          t            w 

216  46  29.57 
369  44  34.24 
141  36  30. 14 
177  50  48.88 

Meien. 

4.9814771 

Wyuionkota 

4.4Mr7}8» 

Owl  Butte      

4.4640021 

Bear  Butte 

4.7740756 

SUSIE  PEAK,  BUTTE  COUNTY,  8.  DAK. 

A  sinnll  conical  peak  near  the  center  of  T.  9  N.,  R.  3  E.,  Black  Hills 
meridian,  situated  on  east  end  of  a  higli  ridge  bearing  southeast  and 
northwest,  being  the  divide  between  Ci*ow  and  Owl  creeks,  about  6 
miles  northeast  of  the  town  of  Belle  Fourche  and  about  2  miles  north 
of  Belle  P^ourche  River. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  stone  sunk 
flush  with  surface  of  ground. 

[Latitude  44^^  44'  10.08".    Lougitude  108"  44'  13.75 '.] 


To  station- 


Terry . 

Crow  Peak... 
Warren  Peak 
Wyinonkota  . 
Castle  Rock.. 
Owl  Butte  . .  - 
Bear  Butte. . . 


Azimuth. 


8  09  49.51 
30  34  33. 16 
63  30  31.79 
138  34  03.87 
316  46  39.57 
359  10  20.70 
318  43  45.57 


Back  admuth.     Iiog.  distuoB. 


189  05  58.31 
310  35  19. 14 
343  50  38.50 
318  19  83.87 
36  58  45.89 
79  33  16.68 
188  57  09.55 


Meten. 
4.6616803 

4.5843907 
4.7991448 
4.6099751 
4.581477S 
4.6313654 
4.5888871 
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A  small  i-oiiical  i>oak  siluaUHl  in  s<>uth<*ast('rii  rorii«T  i>t'  Stat**,  lui 
harn  iHvi(l«*  lH*twt:*«Mi  Owl  aii<l  Lono  Tr«N»  cnM^ks,  about  oii«'-li;il!*  milt* 
siiutheast  «jf  h^^iul  uf  tlio  lattn*,  alxmt  2  inilrs  \\vs\  «»f  WaLsonV  slitM'p 
ranch,  aii<l  hImiiiI  U  milea  wohI  of  the  'Mlasli  KiiiH'"  mad  trnm  |m*11(* 
Fourirh<r- 

^^tatif>1l  mark:  A  hnmxo  triaii^ulatioii  tahltM  (*i>iii<>iit(Ml  in  lar;rt'  rock 
•*«.*t  ill  ;ri*«>iiiitl- 


I  Latitude  45   (K)  :i7.62 


Longitudt'  101   01    11.71  .| 

A/liiiiitli.         I    itiK-k  u/.iitiiith.      Lfk'  'iiot;!!!!- 


Warren    . 

AlzJkda 

Cutle  Rock 
Sosie  IVak. 
Cruw  Peak , . 


•J«)  1"»  1!».T1     JiH",  IN)  j;{.r,i 

TO   IT  m.'2M     'JVJ  W  'JT.si 

2<VJ  41  24. -J  1        IH)   II    l„>.4-.» 


'  -1 


:jr>0  i:{  o-j.  1 1 


Ko  |N  I  i.'j;; 


i.M :."»::  ju 

l.:.?iioi7l 
l.i;o71.s:{(> 

i.«>o'.«»:.")i 
i.7^;;tuis 


ALZADA,    (:K<m»K    rolNTY,    \\^«». 

A  bulil  |M»ak,  iu(ist  .southerly  of  ^roup  of  ban-  hilLs,  abmil  ^  inilfs 
southw«-st-  troui  Alzacbi  post-4)fli(Ms  ^loiit.,  on  llir  diviilc  )N't\\«M-n  ilir 
Little  Mi>.*-iouri  and  Kellc*  Koureht*  rivtM-s,  aliont  •'•  niilrs  mmii  li\vr.<st 
fr<jin  ihi-  bi^^  Ix'ud  of  the  latti'r,  and  about  •*>  iniN-s  >oiii)i  of  ilir 
Wyoming-Montana  line. 

Station  mark:  A  bronxi*  trian^ulation  labh^l  rfnM'MhMl  in  sinnr 
sunk  Im-Iow  surfa<M»  of  ;i:round  Im'Ivvim'Ii  twi»  lar^*-  lorks  brarin^^  ."soulli- 
tH>\  an«l  northwest  alM>tit  '\\  feet  apait,  llir  suutlirasl  lork  !<>  b\  is 
inches,  '"»  inelies  alK)V«»  «rround,  and  tin*  norlhwi'sl  roek  Jl  by  ^  inrln-s, 
1-  int*h<'S  alM>ve  ;rround. 

[Latitude  14    54  :M.7:{  .     L«ni.i,'itud.' loi    .mj  ih).i:  .! 


T'lHUltidll 


A/.iiiiiitli. 


Iku-k  a/.iiiiut li.      I.i'u'  ili-<tiiiii-i'. 


Wymoiikotii  .  . 
Try  w  Peak.  . . . 
Warren  Peak  . 


L'.">i>  ;;n  '.':.*< I      to  it  ;jo.  l'u 
:;:>«i  IT  I :.<;»)    ito  id  i.»»;.ni» 


M.t.  I  ^. 

t..V.MH)ITl 
4..M)TsoiT 
t.risoHi'jo 


VYAKRKN    I'KAK,  (KooK    (  <MNTV,    \>  VOMLNCi. 

Tli«-  most  easterly  of  the  two  lii;rli  bare  .summits  of  tin*  llfar  b<Ml^<? 
Miiiintains,  al>oiit  i>  miles  luu-tliwrst  of  tlie  town  of  Sundan(*(\  Wyo- 
ming:, at  tlie  heiul  of  I  {ear  and  Miller  rriM'ks.      UieJiardson\s  rani-h  lies 


JUill.  181—01- 


-1: 
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about  6  milcH  north,  on  Beaver  Creek.    Road  from  nuioh  to  Sundance 
psHses  about  three-fonrths  of  a  mile  northeast  of  station. 

Station  umrk:  A  bronse  triangaUtion  tablet  eemented  in  stone  in 
pUice  on  highest  point,  6  feet  Houtheast  of  a  mining  claim  stake  in 
cairn  of  rocks. 

[LaUtode  44^  98'  HILW.    LoBgHode  104'  ST  40.9r'.] 


TV> 


Absada 

WTiDOiikota  . 
SoidePtosk... 
Belle  FouTche 
Crowl'Mik.  . 


176  19  96.09 
906  00  98.64 
949  50  88.50 
944  47  84.80 
971  16  68.00 


856  17  47.66 
96  16  40.71 
68  90  91.79 
66  19  58.06 
91  87  81.99 


Lto^  diatanoe. 


MeUn.  ^ 

4.6801896     I 

4.8175796 

4.7901448 

4.7S30;iy7 

4.9 


BELLE  FOUBCHB,  BUTTS  COUNTY,  SOUTH  DAJKOTA. 

A  three-point  station  on  summit  of  a  sand^'  hill  north  of  Belle 
Fourche  River,  a  meridian  mark  distant  1,570  feet  north  of  south 
meridian  station,  which  is  in  the  grounds  of  the  county  conrt-hoiue 
in  Belle  Fourche. 

Station  mark :  A  sandstone  post,  30  by  12  by  12  inches,  set  25  inches 
in  the  groinul,  in  the  top  of  which  is  cemented  a  bromse  meridian 
tablet. 

[Latitude  44    40  50.31  .     Longitude  103^  50'  2S.0S  .] 


To  8tatl«m- 


Crow  Peak.. 
Warren  Peak 
SiiHie  Peak  . . . 


Aximaih. 

BM?k  admntlL 

LoK.cliiitMMV. 

. 

.     „ 

« 

.     .. 

Mrten, 

21 

21  15 

301 

16  25 

4.SW4959 

65 

12  59 

244  47  35 

4.7330707 

SiS 

Vi  58 

53 

17  22 

4.0181451 

DEER  EARS,  BUTTE  COUNTY,  SOUTH  DAKOTA. 
(Not  (KHJUpiiHl.) 

Th<;  south  summit  of  h  double-toppeil  hill  known  hs  "Deer  Ears,** 
iieiir  the  line  between  T.  12  N.,  Rs.  7  and  8  K.,  Black  Hills  nieridiAU. 

[Latitude  M   59  57.09  .     Longitude  103°  10'  41.88".] 

STATE   CORNER — WYOMING,  MONTANA,  AND   SOUTH    DAKOTA. 

T1h».  Stone  post  marking  tlie  corner  common  to  Wyoming,  Montana, 
and  South  Dakota,  beinij  the  northeast  comer  of  Wyoniinif. 
StMioii  mark :  A  white  sandstone,  18  by  22  inches,  20  inches  above 
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ground,  benring  no  marks;  agaiiiHt  Ibis  i*e8t8  a  triangular  san<Kstoue 
column,  50  inchen  long,  which  has  fallen  from  it«  original  ix)8ition 
above  the  other,  one  side  U)  inches  wide  marked  *'Dak.  45  N.  L.," 
nnderueath  "27  W.  L. ;"  one  side  12  inches  wide  marked  ''N.  W. 
Mont.,"  and  the  other  12  inches  wide  marked  "S.  W.  Wyo."  Three 
pits,  each  4  feet  square,  lie  north,  west,  and  south  of  mark. 

[Latitude  44   59'  54.0 ".     Longitude  104^  OS  02.4  '.] 

STATE  CORNER,  MONTANA  AND  SOUTH  DAKOTA. 

(Not  occupied.) 

The  stone  i>ost  marking  the  southeast  corner  of  Montana. 

Station  mark:  A  stone,  20  by  8  inches,  33  inches  above  ground. 
Among  a  lot  of  large  loose  stones  on  gr6und,  one  is  marked  on  one 
side  "'  Wyo.,"  on  another  side  "  Mon.  45  N.  L.,"  and  another  st;<me  is 
marked  *'Dak.  27  W.  L." 

Reference  marks:  Three  stones  set  in  gn>und  ♦>  feet  distant  east, 
northwest,  and  southwest  from  station  are  marked  on  top  "  D.,"  "M.," 
and  "  W.,"  respectively. 

[Latitude  44"  59'  55.7' .     Longitude  104   01  57.3.] 

Meridian  Mark. 

BRLLR  FOURCHE,  BUTTE  COUNTY,  SOUTH  DAKOTA. 

Location  of  station:  In  grounds  of  county  court-house. 

Station  mark:  lied  sandstone  post,  00  by  10  by  10  inches,  set  oi\ 
inches  in  the  ground,  in  center  of  top  of  wliich  is  cemented  a  bronze 
bench-mark  tablet. 

Reference  mark:  Southeast  corner  of  court-house,  distant  47.75 
feet.     True  azimuth  to  same  is  107""  10'. 

Distant  mark:  North  of  station  1,570  feet,  on  summit  of  sand  hill 
north  of  Belle  Fourc^he  River,  a  sandstone  post,  about  -iO  by  12  by  12 
inches,  set  25  inches  in  the  ground,  in  t^p  of  which  is  cemented  a 
meridian  tablet. 

TEXAS. 
Triangulation  Station:!. 

Ill  March,  April,  and  May,  11)00,  triangulation  control  was  extended 
from  stations  County  Line,  Dexter,  Tex.,  and  MarietUi,  Ind.  T.,  west- 
ward over  the  Gainesville  and  Montague  quadrangles,  by  Mr.  R.  11. 
Chapman,  topographer. 

In  addition  to  the  o<*,cupation  of  the  three  old  stations,  nine  new 
stations  were  selected  and  occupied,  and  four  points  were  located  by 
intersections. 
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HBN80N,  COOKB  COUNTY. 

On  a  rocky,  thinly  timbered  hill,  about  6  miles  northeast  of  Gaines- 
yille,  about  150  yards  northeast  of  Henson's  honse,  about  6  miles 
southwest  from  Callisburg,  and  one-half  mile  east  of  Gainesville- 
Whitesboro  road. 

Theodolite  elevated  18  feet. 

S^tion  mark:  A  bronze  tablet  cemented  in  rook  in  place  level  with 
surface. 

Reference  marks:  Nail  in  base  blase  on  post  oak,  asimuth  129""  13', 
distance  42  feet;  nail  in  base  blaze  on  post  oak,  aadmuth  243""  H\  dis- 
tance 18.9  feet;  nail  in  base  blaze  on  post  oak,  azimuth  12""  54',  dis- 
tance 14.2  feet. 

[Latitude  83"  88'  45.87".    Longitude  97*  08'  84.41".] 


ToatAtkm— 


Admotii. 


BMk  MtmBth.    Los.  diitea» 


Hood 

Hemphill  ... 
Honeycutt . 
Ck>nnty  Line 


70  U  81.76 
107  57  58.85 
178  85  18.88 
^S7  02  60.91 


250  03  87.00 

887  51  01.20 

858  84  54.10 

47  06  06.66 


4.4811«7 
4.80945O 
4.008010 
4.0787168 


HUNEYCUTT,  COOKB  COUNTY. 

On  H  flat,  timbered  ridge,  about  12  miles  northeast  of  Oainesville) 
about  one-eighth  mile  west  of  Gainesville-Horseshoe  Hend  roacl,  and 
one-half  mile  northwest  of  the  widow  Uuneycutt's  house,  from 
which  a  wood  road  passes  station.  Due  east  from  station  is  a  very 
sandy  field. 

Theodolite  elevated  18  feet. 

Station  mark:  A  lirouze  tablet  cemented  in  rock  in  place  about  '• 
Inches  under  surface  of  ground. 

Reference  marks:  Nail  in  blaze  on  black-oak  ti*ee,  azimuth  302° 
13',  distance  30.05  feet;  nail  in  blaze  on  i)ost-oak  tree,  azimuth  44* 
3^',  distance  24.10  feet;  nail  in  blaze  on  post-oak  tree,  azimuth  143° 
31',  distance  33.70  feet. 

[Latitude  33"  44'  10.69 '.     Longitude  97*  04'  08.10".] 


To  station- 


Hood     

Hemphill  . . . 
Marietta . .  . 
Dexter  .  . . 
County  Line 
Henson 


Azimuth. 

o         /            n 

Back  asimath. 

LoK.dtotanoe. 

o            /                l» 

Mtttv, 

51  41  33.10 

381  88  50.00 

4.4901191 

78  39  38.85 

358  33  04.96 

4.3706120 

175  10  59.88 

355  10  33.36 

4.3158385 

339  01  55.38 

49  05  48.81 

4.1556001 

381  08  41.03 

101  13  13.34 

8.999I9SS 

353  34  54. 10 

\ 

178  35  18.88 

4.0090M> 

ILAON  ST  AI^I 


TEXAS. 
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GAINESVILLE,  THIRD   WARD   SCHOOL,  COOKE   COUNTY. 

(Not  occupied.) 

station  mark:  Middle  of  statue  on  cupola  of  Thi^d  Ward  school 
•nildin^. 

[Latitude  33"  88'  04.48  '.     Longitude  97"  08  51.86 '.] 


To  station - 


lAmphill 
[enson  . 


Azimuth. 


124  33  22.25 
261  22  52.45 


Rack  azimuth. 


304  29  26.20 
81  25  53.85 


Jjog.  (listanoe. 


Meter  a. 
4. 1243076 
3.9311680 


HEMPHILL,  COOKE  COUNTY. 

Oil  a  high,  rolling  prairie,  about  11  miles  northwest  from  Gaines- 
ille,  in  pasture  owned  by  J.  C.  Hemphill,  just  east  of  lino  of  post« 
no  wire)  running  north  and  south  and  on  highest  point  in  vicinity. 
t  is  one-half  mile  northeast  from  Hemphill  homestead,  one-fourth 
iiile  north  of  house  occupied  by  J.  R.  Hice,  and  about  1  mile  north- 
ast  of  Van  Slack  church. 

Station  mark:  A  bronze  tiiblet  in  sandst.one  post  30  by  8  by  10 
Qches,  set  32  inches  in  the  gi^ound. 

[Latitude  SS"  42'  09.39  ".     Longitude  97^  15  57.65  '.] 


To  statlon- 


aood   

Kfuenster  . 
If  eador  . . . 
ICarietta  .  . 

Dexter 

iimeycutt . 


21  05  53.53 

62  36  24.98 

92  24  21.45 

214  06  33.63 

245  38  15. 59 

258  23  04.96 

ienaon I  287  51  01.20 


Aziranth. 


Bat^k  azimnth. 

JjOg.  distauce. 

o 

Meters. 

201  03  45.56 

4.2189604 

242  32  46.93 

4.0573381 

272  17  30.03 

4.2812156 

34  12  30.88 

4.4684405 

65  48  43. 34 

4.5036342 

78  29  38.85 

4.2706120 

107  57  58.85 

4.3094543 

HOOD,    COOKE   COUNTY. 

On  a  high,  rolling  prairie  ridge,  about  12  miles  southwest  from 
Gainesville,  2  miles  northeast  from  Hood  post-office,  and  5  miles  soiith- 
irest  from  Myra  post-office.  In  pasture  owned  by  W.  P.  Gregory,  57 
^ards  northeast  from  J.  F.  Hood's  house,  one-half  mile  south  of  W.  P. 
Jiegory's  house,  and  6  feet  west  of  fence  on  west  side  of  road  from 
Ifyra  to  Hood.  It  is  52  feet  4  inches  north  (G  feet  west)  of  corner 
xmt  on  line  of  Gregory  and  Hood  property,  between  Gainesville- 
Sosston  and  Gainesville-Forrestburg  roads. 

Station  mark:  A  bronze  tablet  in  sandstone  post  30  by  8 by  ftmeXv^^^ 
let  30  inches  in  the  ground. 
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[Latitnde  38"*  88'  47.06".    Ixmgitade  07*  lO*  48.70 '.] 


To  statioa— 


JacrJnon  .. 
Meador  . . . 
Mnenster  . 
Hemphill 
Hnneycntt 
Henson  ... 


ABlmntii. 


lOS  82  48.81 
141  01  18.81 
157  49  87.58 
901  08  45.56 


989  90  18.77 

890  56  80.61 

887  41  07.89 

91  05  58.58 


981  88  50.00  I    51  43  89.10 
950  09  97.00  I  .70  11  81.76 


Jfefcrs. 

4.0004447 

4.8109664 

4.0490488 

4.9180604 

4.4801191 

4.4811907 


MUEN8TBR,  COOKE  COUNTY. 

The  belfry  on  the  Roman  Catholic  Chureh  at  Mnenster  wa8  occu- 
pied at  a  point  about  45  feet  above  ground. 
Station  mark:  Gilt  croHS  on  spire  of  church. 

[Latitude  88'*  80  18.81  .    Longitnde  HT  99'  80.8r'.1 


ToBtattou- 

Aslmntb. 

BM>^aslmath. 

Los.  dtatanoa. 

•      1         It 

•      t        II 

MeUn. 

JackBon 

84  59  06.74 

914  50  06.74 

8.9001891 

JimNe<l 

78  57  58.34 

958  40  98.59 

4.8833586 

Meador 

128  58  48.57 

803  55  a5.45 

4.0339101 

Hempliill                                 ... 

243  82  46.08 

63  36  94.08 

4.a573381 

Howl    

337  41  07.83 

157  49  87.58 

4.0420W8 

JACKSON,  COOKE   (M>UNTY. 

On  a  hij!:]i  rolling  prairio,  alK)ut  7  miles  southwest  of  Muenst^^r  and 
7  milos  northwest  from  IIoo<l  (post-oflBee),  one-half  mile  north  of 
CTninesvill4»-Forresthnrj?  road,  in  pastun>  owned  by  J.  S.  Jackson,  one- 
half  milo  northwanl  from  his  house.  Higher  ground  under  cultiva- 
tion lies  one-fourth  mile  northward  of  station. 

Station  mark:  A  bronzi">  t»al)let  set  in  fossil if<^r<nis limestone  post, -^ 
by  '^  by  S  int^hes,  set  24  inches  in  ground. 

[Latitude  1^3'  34'  58.40".     Longitude  97 "  20'  07.61'.] 


To  station- 


Jim  Ned 
Muenster 
Hood    ... 


Azimuth. 

Back  Mdmnth. 

Lor.  dintwce. 

100  34  01.41 
214  50  06.74 
282  29  16. 77 

•      1        if 
980  97  89.01 

34  59  06.74 
109  89  46.81 

Meien. 

4.96607© 

3.0001891 
4.0004447 

WILSON  BT  Al^l 


TEXAS. 
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MEADOR,    MONTAGUE   COUNTY. 

On  a  prairie  knoll,  with  few  small  trees,  alx)ut  4  miles  northeast  of 
Saint  Jo  and  1  mile  north  of  Missouri,  Kansas  and  Texas  Railway 
track,  in  "  st-ack  "  yard  owned  by  Meador  Bi*os.  (Saint  Jo).  The  Saint 
Jo-Marysville  road  passes  about  400  yanls  west  of  st>ation. 

Theodolite  elevated  18  feet. 

StMion  mark:  A  bronze  tablet  cemented  in  a  st.one  jwst,  about  36 
hy  8  by  10  inches,  set  30  inches  in  ground. 

[Latitnde  33"  42'  34.81  .     Longitude  97   28  19.05  ".] 


To  Rtatiou— 


Jim  Ned . 
Saint  .To  . 
Mosley . . . 
Hemphill 
Maenster 
Hood 


Azimuth. 


54  05  15.87 

76  43  55.28 

94  54  05. 67 

272  17  30.02 

30  J  55  35.45 

320  56  30.61 


Back  azimuth. 


232  59  58.68 
256  42  19.02 
274  50  04.80 
92  24  21.45 
123  58  48.57 
141  01  13.31 


Log.  distunoe. 


Meiern. 

4.2604098 

3.0615794 

4.0497723 

4. 2812156 

4.0339101 

4. 3199664 


SAINT  JO    (SCHOOLHOUSE),    MONTAGUE   COUNTY. 

(Not  occupied.) 

Station  mark:  Point  of  cupola  on  brick  schoolhouse  at  Saint  Jo. 
[Latitude  33    42  00.60  .    Longitude  97   :n   12.44".] 


To  Btation- 


i 


Azimuth. 


JimNed 46  5137.99 

Moeley. 106  39  41,46 

^eador |  256  42  19.02 


Back  azimuth. 


226  47  56.93 

286  37  17.02 

76  43  55.23 


Log.  distance. 
Meter*. 

4.1489547 
3.8452950 
3. 0615794 


MOSLEY,  MONTAGUE   COUNTY. 

On  northern  point  of  prairie  ridge,  about  5  miles  west  of  Saint  Jo, 
3  miles  south  of  BonitA  and  one-half  mile  south  of  Saint  Jo-Nocona 
road,  in  pasture  owned  by  Luke  Mosiey,  who  lives  about  one-half  mile 
northeast  from  station. 

Station  mark:  A  bwnze  tablet  set  in  a  st^)ne  post,  30  by  10  by  8 
inches,  set  23  inches  in  the  gi'ound. 

Reference  mark:  Nail  in  blaze  on  north  side  of  tree  4  inches  in 
diameter.     Azimuth,  333°  32';  distance,  55  feet. 


184      PRIMARY  TRI ANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 
[Latitude  33^  43  05.70 ".     Longitude  97''  35  38.01 ".] 


To  station- 


Jim  Ned . . 

Bowie 

Montagriie 
Meador  . . . 
Saint  Jo  . . 


Azimuth. 


17  01   14.61 

55  00  48.97 

03  16  22.11 

274  50  04.80 

286  37  17.02 


Back  azimuth. 


196  59  57.95 
234  52  13.80 
248  12  08.91 
94  54  05.67 
106  39  41.46 


Jjog.  distance. 


Metrra. 

4.0856216 

4. 4669171 

4.1194725 

4.0497723 

3.8452950 


JIM   NED,  MONTAGUE   COUNTY. 

Oil  hii^fhest  point  of  a  bare,  flat  hill  known  as  "Jim  Ned  Lookout," 
about  8  miles  southwest  from  Saint  Jo,  8  miles  southeast  from  Mon- 
tague Court-House,  and  1  mile  south  of  Dye  post-office,  in  pasture 
owned  by  B.  R.  Raymond,  who  lives  one-half  mile  southwest  from 
station.  The  Dye-Bowie  road  passes  one-eighth  mile  west  of  station. 
Theodolite  elevated  18  feet. 

Station  mark :  A  bronze  tablet  cemented  in  sandstone  jxwt,  30  by 
10  by  8  inches,  set  28  inches  in  ground. 

[Latitude  33"  36'  47.68  .     Longitude  97"  37'  51.31".] 


To  KtAtion  — 


Bowie 

Montague 

Mosley 

Meador  ... 
Miienster  . 
Jackson   . 
Saint  Jo     . 


Azimuth. 

Bark  azimuth. 

Log.  tlistaiMv. 

o            , 

o 

Meters. 

75  49  20.60 

255  42  02. 15 

4.3239339 

124  54  50. 57 

304  51  54. 3:^ 

3.9998274 

196  59  57.95 

17  01  14.61 

4.0856216 

2:^3  59  58.68 

54  05  15.87 

4.2604098 

258  49  28. 52 

78  57  58. 34 

4.3833.586 

280  27  32.01 

100  34  01.41 

4. 2660752 

226  47  56.93 

46  51  37.99 

4. 1489.54: 

I 


M()NTA(UTK    (M>URT-HOUSK,  MONTAOUK   COUNTY. 

(Not  occupied.) 

Slut  ion  mark:  Fiiruro  of  Justice  on  tower  of  court'-house  at  Mon- 
tajunic- 

ILatitude  33    39  53.27  .     Longitude  97^  43  09.46  '.] 


Azimuth. 


Back  azimuth.  '  Log.  distance. 


243  12  08.91 
304  51  .54.33 


63  16  22.11 
124  54  50.57 


Mftfrg. 

4.1194725 

3.9998274 


WILSON  ET  AU]  TEXAS. 

BOWIE,  MONTAGUE   COUNTY. 

(Not  occupied. ) 
station  mark:  Middle  of  top  of  standpipe  in  town  of  Bowie. 
[Latitude  aa**  33'  59.37".     Longitude  97'  51'  03.83".J 
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Moeley . . 
Jim  Ned 


To  station- 


Azimuth. 


234  52  13.30 
255  42  02. 15 


Back  aKimuth. 


55  00  48.97 
75  49  20.60 


LofiT-  distance. 

Meters. 

•4.4669171 

4.S 


Primary  Traverse. 

In  April  and  May,  1901,  Mr.  W.  M.  Beaman,  topographer,  ran  a  line 
of  primary  traverse  Honthward  from  Bell  Mountain  triangulation 
station  across  the  Fredericksburg  and  Boeme  quadrangles,  and  con- 
necting with  the  Boerne  triangulation  station,  a  linear  distance  of  61 
miles.  Three  hundred  and  seventy  transit  stiitions  were  occupied, 
from  which  the  following  20  geographic  positions  were  coniput.ed: 

Oeographic  poftitions  along  highxixiys  l)ettv€en  Bell  Mountain  triangiUaHon  Htation 

aiui  Waring. 


Station. 


Latitude. 


Tjongitude. 


Bell  Mountain  triangulation  station 30  26  47. 45     98  48  00. 12 

Fredericksburg,  14^  miles  northeast  of,  at  forks  of  Bell 

Mountain-Fredericksbnrg  and  Bell  Mountain-Wil- 
low City  roads;  bench-mark  post,  elevation  1,749  feet.    30  24  40.4       98  43  44.9 
Fredericksburg,  12^  miles  northeast  of,  at  forks  of  Bell 

Mountain-Frederickdburg  and  Willow  City-Freder- 

icksburg roads;  bench  mark  post,  elevation  1 ,826  feet.    30  22  58. 1       98  44  03. 2 
Fredericksburg,  9^  miles  northeast  of,  north  sidtj  of 

road  near  bend  in  fence;  bench-mark  post,  elevation 

1,953  feet 30  21  37.2       98  46  10.8 

Fredericksburg,  8  miles  northeast  of,  center  of  road 

opposite  a  galvanized  stock  tank 30  21  23. 0       98  46  34. 6 

Fredericksburg,  6^  miles  northeast  of,  60  feet  east  of 

gate  to  Grobes's  ranch;  bench-mark  post,  elevation 

l,724feet 30  19  45.7       98  47  57.0 

Fredericksburg,  4^  miles  northeast  of,  north  side  of  road  ' 

650  feet  northeast  of  Palo  Alto  Creek:  l>ench-mark 

post,  elevation  1,649  feet |  30  18  28.8       98  48  55.2 


186      PRIMABT  TBIAKGULATION  AND  PBIMABT  TBAYIEUB.   (Mnx.Ul. 


Oeoffraphie  poidtionM  along  highwaf^  between  BeU  Mouniatn  triatiguiaiion  ^atitm 

and  Waring—ConUatwiL 


Statkm. 


Fredericksbnrg,  2^  miles  northeast  of,  at  forks  with  a 
settlement  road  running  northward;  bench-mark 
post,  eleyatlon  1,824  ftot 

Fredericksbnrg,  oonntj  coort-honae,  soatheast  ftont 
of;  bronze  tablet,  elevation  1 ,708  feet 

Fredericksbnrg,  forks  of  Fredericksbnrg-Biimet  and 
Fredericksbnrg  -  Comfort  lower  roads;  temporary 
bench  mark  on  telephone  pole,  elevation  1,665  ftot. . 

-Fredericksbnrg,  2(  miles  southeast  of,  on  Comfort 
lower  road;  temporary  bench  mark,  east  side  of  road 
and  8  feet  from  fence,  elevation  1,685  feet 

Fredericksbnrg,  8  miles  southeast  of;  milestone  at 
forks  of  Fredericksburg- Austin,  and  lower  Freder- 
icksburg-Comfort  roads,  elevation  1,618  feet 

Fredericksbnrg,  5  miles  southeast  of;  gate  southwest 
forks  of  settlement  and  Comfort  lower  road 

Fredericksbnrg,  5^  miles  southeast  of;  culvert  between 
fences .. 

Pedernales  and  South  Grape  creeks,  summit  of  Fred- 
ericksburg and  Comfort  lower  road  between 

Comfort-Luckonback  and  Coinfort-Fredericksbnrg 
lower  roads,  at  forks  of ;  iron  bench-mark  post,  eleva- 
tion 1 ,784  feet   

Gillespie  and  Kendall  County  line,  stone  post  west  side 
of  road 

Block  and  South  Grape  creeks,  summit  of  Fredericks- 
burg-Comfort  lower  road  between 

Forks  of  Comfort  lower  road  and  lane  westward  to 
Giles  ranch;  bench-mark  post,  elevation  1,611  feet... 

Comfort  and  Waring  road  forks,  at  bend  in  road,  li 
miles  north  of:  bench-mark  poet,  ele^'ation  1,453  feet. 

Comfort  and  Waring  road  forks;  temporary  bench  mark 
at  milestone,  elevation  1 ,415  feet 

Fredericksburg-Waring  and  Fredericksburg-Sister- 
dale  road  forks;  iron  bench-mark  poet,  elevation 
1,553  feet - 


80  17  84.6 
80  16  80.8 

80  16  08.7 

80  U  14.9 

80  14  81.4 
80  18  89. 1 
80  1*2  19.4 


tiongltiide. 


98  60  01.1 
96  58  17.1 

96  61  88.0 

98  50  49.0 

98  60  88.6 
96  50  35.8 
96.50  08.3 


I 
30  10  07.1   98  49  17.3 


30  09  03.5;  98  49  04.4 


30  08  33.8  I  98  49  03.6 


30  06  (Ti.O 
30  04  04.5 
30  01  53.0 
80  00  43.0 

30  59  41.0 


98  49  10.7 
98  49  42.6 
98  49  58.6 
98  50  02.6 

96  40  04.5 
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Geographic  poHitions  almig  San  Antonio  ami  Arnnsan  Pti8H  Railroad, 


Btation. 


Waring,  road  crossing  300  feet  north  of 

Road  croasing,  60  feet  north  of  milepost  281 

Welfare,  water  tank 

Public  road  crossing,  1,135  feet  north  of  niile])Oflt  278  . 
Road  under  railroad,  one-third  mile  north  of  mile  post 

276 

Milepost  273 


Latitude. 

29  57  01.2 

29  56  22.5 

29  54  27.2 

29  53  57.4 

29  52  31.1 

29  49  45. 2 

LoDflritnde. 

O  I  II 

98  48  16.0 
98  47  18.3 
98  47  08.9 
98  47  06.0 

98  46  18.3 
98  45  42.2 


Geographic  ])Ofntionit  hettoeen  Boeme  City  ami  Biierne  triangtdation  atatioi). 


Station. 


Latitude.  Jjontntudo. 


Boerne.  intersection  of  Main  street  and  street  to  Boeme  |  | 

Hotel ,. 29  47  30.9     |    98  43  54.2 

Boeme.  1  mile  southwest  of;  middle  of  lane,  roads  to  I 

Boerne,  Bandera,  and  Balcones  ranch 29  46  45. 3    !   98  44  14. 6 

Boeme,  triangulation  station 29  45  27. 24  I   98  45  30. 75 


MONTANA. 
Secondary  Triangulation  Stations. 

In  the  fall  of  10(K)  Mr.  R.  II.  Chapman  added  two  new  stations — 
Hospital  and  Cohimbia— to  the  loeal  selienie  at  Ihitte,  and  a  new 
station  was  established  at  Walkerville  witliin  a  f(^w  feet  of  the  site 
of  tlie  former  one. 

From  these  and  other  stations,  including  many  "three-point"  loca- 
tions, numerous  mines,  shaft  houses,  tunnel  mouths,  and  j^allows 
frames,  100  points  in  all,  were  located  in  the  vicinity  of  Butte  in  order 
to  give  accurate  control  for  underground-mine  maps. 

The  positions  given  are  from  preliminary  computations  onl}',  no 
figure  or  station  adjustment  haviiig  In^en  made. 

HOSPITAL,  SILVERBOW    COUNTY. 

On  long  smooth  western  sIojk^  of  East  Ridge,  about  one-fourth  mile 
nearly  due  south  from  Boston  and  Montana  Hospital,  and  023  feet 
from  northwest  corner  of  collar  of  Atlantic  shaft,  which  tears  N. 
118°  34'  30"  E. 

Station  mark:  An  aluminum  tablet  cement.<Ml  in  granite  block  30 
by  8  by  8  inches,  set  24  inches  in  the  ground. 


188      PRIMARY  TRI ANGULATION  AND  PRIMARY  TRAVEBSE.    [bull.  181. 
[Latitude  4?^  01  38.36' .     Longitude  112"  29'  41.96 '.] 


Tc  station— 

Azimuth. 

Back  azimuth. 

Lot;,  diatanoa. 

Three  (Roadway) 

22  02  11 
119  04  42 
298  35  53 
346  34  52 

O                /             1/ 

202  01  24 
299  03  05 
118  36  12 
166  a5  16 

Meiers, 
3.59033 

WalkerviUe 

Colnmbia 

Southeast  Base 

3.52146 
3.30127 
3.48214 

COLUMBIA,  SILVERBOW   COUNTY. 

On  rocky  hill  alK)iit  1  mile  north  of  Coliimlna  Garden,  on  first  ridge 
south  of  Horse  Canyon.  It  is  the  highest  point  on  ridge  west  of  road 
from  Home.stake  mine  to  Columbia  Garden,  and  about  three-fourths 
mile  west  from  mine. 

Station  mark:  An  aluminum  tablet  cemented  in  rock  in  place. 

[Latitude  46   01  07.36'  .     Lou.^tude  112''  28'  20.29  ".] 


To  ntation- 


Three  (Roadway) 

Big  Butte 

WalkerviUe   

Ho8])ital    . 


Azimuth. 

Back  azimuth. 

50  31  01 

230  29  13 

92  46  56 

272  4:5  12 

118  55  19 

298  52  43 

118  36  12 

298  35  53 

Loff.  distance. 


M*'ter». 
3.62009 
3.82855 
3. 72625 
3.  mX27 


WALKEKVILLK,  SILVKRBOW  COUNTY. 

()!i  low  summit  covonnl  with  granite  l>owUlers,  one-fourth  mile  north 
of  ])rick  sehoolhousc^  at  WalkerviUe,  and  one-half  mile  northeast  of 
shaft  house  at  Alice  mine.     Elevation  0,4r>3. 

Station  mark:  An  aluminum  tablet  cemented  in  granite  Imwlder 
just  north  (25  feet  approximate)  of  prospect  hole  on  *' First  Stake" 
claim  and  al)()ut  250  feet  east  of  l^utte-Stringtown  road. 

[Latitude  40    02  30.00  .     Lohjdtude  112"  31'  57.02  ".] 


To  Htation- 


Big  Butte 

Columbia 

Hospital 

Southeast  Bjise 


Azimuth. 

Back  azimuth. 

Log.  distance. 

0             1                II 

0             '                II 

Meter*. 

42  36  51 

222  35  32 

3.48500 

208  52  43 

118  55  19 

3.72625 

299  03  05 

119  04  42 

3.52148 

321  39  35 

141  41  36 

3.76493 

WTUBON  ST  AU] 


MONTANA. 


189 


"TUNNEL   10"   PROSPECT,  SILVERBOW   COUNTY. 

Prospect  hole  on  highest  point  of  hill  southwest  from  Tunnel  10, 
Montana  Central  Railway.  The  ridge  is  a  spur  from  "East  Ridfce" 
and  is  cut  through  by  the  railway  tunnel. 

Center  of  prospect  hole  is  4.5  feet  east  from  position  given. 

[Latitude  46"  01'  28.06  '.    Longitude  112°  28'  40.08 '.] 
Milieu  located  near  Butte, 


Name  of  mine. 


Oopher 

l^ora 

Idnna — 

Shaft  at  northeast 
corner  of  South 
Gaylord  and  E^ast 
Mercury  streets. 

Westlake 

Shaft  on  lot  east  of 
No.  432  East  Park 
street. 

Oneida 

Pat  Wall  &  Co 

Ueva    

Bell 

Shaft  at  northeast 
corner  of  North  At- 
lantic and  East  Ga- 
lena streets. 

Monita 

West  Stewart 

Anaconda 

Diamond 

Ke  versweat 

J.I.C 

Little  Rosa 

Widow  Reed  (owner) . 

St.  Lawrence 

St.  Lawrence.   

Mine  south  of  Moun- 
tain View. 

Boston  and  Montana 
No.  7. 

Belmont 


Point  located. 


Latitude. 


West  poet  of  gallows  frame. 
West  post  of  gallows  frame . 
West  post  of  gallows  frame. 
Middle  of  gallows  frame 


North  post  of  gallows  frame. 
East  post  of  gallows  frame  . . 


East  post  of  gallows  frame  . . 
West  post  of  gallows  frame. . 
West  post  of  ^allows  frame . . 

Center  of  gallows  frame 

West  post  of  gallows  frame. . 


West  post  of  gallows  frame. 
West  post  of  gallows  frame . 

Middle  of  gallows  frame 

Flagstaff  over  shaft 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame.   .. 

Middle  of  gallows  frame 

Middle  of  gallows  frame.  . . 
Middle  of  big  ventilator  .  . . 
Middle  of  gallows  frame 


Middle  of  gallows  frame. 
Ventilator  shaft. 


46  00  51.77 
46  00  53.63 
46  00  47.73 
46  00  51. 16 


46  00  51.38 
46  00  54. 72 


46  00  50.06 
46  00  47.76 
'46  00  47.25 
46  01  35.96 
46  00  53.55 


Lonf^tude. 


46  00 
46  01 
46  01 
46  01 
46  01 
46  00 
46  01 
46  01 
46  01 
46  01 
46  01 


48.07 
12.88 
11.08 
36.96 
08.84 
43.71 
01.45 
00.06 
08.75 
11.94 
11.58 


46  01  05.74 
46  00  48.2S 


112  31  05.04 

112  31  03.01 

112  31  09.02 

112  31  12.88 


112  31  09.37 
112  31  37.62 


112  30  47.04 
112  30  45.99 
112  30  42.75 
112  31  22.80 
112  31  24.36 


112  30 
112  33 
112  31 
112  31 
112  31 
112  31 
112  31 
112  31 
112  81 
112  81 
112  31 


53.07 
07.27 
24.71 
27.63 
34.02 
00.32 
25.52 
02.65 
11.26 
11.40 
06.06 


112  29  14.63 


190      PRIMARY  TRI ANGULATION  AND  PRIMARY  TRAVKB8E.    (bull.181. 
Mines  located  near  Butte — Contintied. 


Name  of  mine. 

Point  located. 

Latitude. 

Lon^tnde. 

Modoc 

Middle  of  hood  on  shaft  house. 

46  01  31.27 

o               /               // 

112  30  49.92 

West  Co.iisa      

Middle  of  gallows  frame 

46  01  28.74 

112  30  43.04 

Minnie  Healy 

Middle  frame  over  southeast 
shaft 

46  01  18.13 

112  30  32.50 

Minnie  Healy    

Middle  frame  over  northwest 
shaft. 

40  01  18.  a5 

112  30  33.51 

Leonard  

Flagstaff 

46  01  22.21 

112  30  30  92 

E^t  Colusa 

Middle  comb  on  shaft  house  . 

46  01  26.49 

112  30  25.27 

Bortleaiix         . . 

Middle  of  gallows  frame 

Middle  of  galows  frame.   . . . 
Middle  of  gallows  frame.   . . . 

46  01  28.93 

112  30  02.80 

Speculator    

46  01  39.52 

112  31  09.61 

L.E.H 

46  01  17.20 

112  31  26.07 

Hnmboldt      

Ventilator    . .   

46  01  28.94 
46  01  29.64 

112  32  19.19 

Buffalo - 

Middle  comb  on  shaft  house . 

112  32  13.50 

Mountain  Con  No.  2  . . 

Flagstaff.. 

46  01  30.70 

112  31  56.48 

WestGrayrock 

Intersection    of    gables    on 
shaft  house. 

46  01  42. 14 

112  31  44.21 

Green  Mountain . . 

Flagstaff  

46  01  33.37 

112  31  41.90 

Wake-up-Jim    

Middle  comb  on  shaft  house  . 

46  01  38.20 

112  31  35.52 

Nipper 

Middle  frameof  vertical  shaft- 

46  01  14.22 

112  31  44.07 

Nipper     

Middle  frame  at  top  of  incline 
shaft. 

46  01  14.98 

112  31  46.74 

Little  Mina 

South  ventilator 

46  01  17.96 

112  31  50.78 

Gagnoii .                  ... 

Magstalf 

46  01  08.84 

112  32  19.53 

Josephine 

Middle  of  west  gallows  frame 

46  01  49.00 

112  31  58.99 

Magna  Charta  . 

Flagstaff     .    .         .       

46  02  07.02 

112  31  56.26 

Lilly                  -   

Middle  of  gallows  frame     . . . 

46  01  07.98 

112  28  58.70 

*'Doc"    Wier hurst 

Stack,  tunnel  south  of   Co- 

4ri  00  17.40 

112  27  29.06 

(owner). 

Iniiibia  garden. 

Valdemere 

Flagstaff 

46  02  06.02 

112  31  44.25 

M(X)se 

Flagstiiff 

46  02  01.46 
46  01  38.32 

112  31  40.46 

East  Grayrock 

Flagstaff   .     

112  31  30.76 

Ponlin 

Flagstaff 

46  01  26.93 

112  32  23.94 

HighoreNo.2 

Middle  of  gallows  frame 

46  01  26. 22 

112  31  09.53 

Ramsdell  Parrot 

Peak  of  gallows  frame .   

46  01  06.36 

112  31  37.67 

Colusa  Parrot 

Flagstaff* . .                         

46  01  06.31 

112  31  40.03 

Sirius      _ 

Middle  of  gallows  frame 

46  01  32. 12 

112  30  30.34 

Balaklava 

Middle  of  gallows  frame 

46  01  34.30 

112  30  38.  .54 

Mountain  Chief 

Middle  of  gallows  frame 

46  01  36. 50 

112  30  39.82 

Sioux  Chief         

Middle  of  gallows  frame 

46  01  39.36 

112  30  51.90 

Old  Joe  (fraction). . 

Ventilator. 

46  01  39.02 

112  31  00.96 

Adirondack | 

Middle  of  gallows  frame.      . 

46  01  41.20 

112  31  09.14 

■AVA. 
Ailfa^-OootiiiiMd, 


191 


Ko.S. 


Bin  .- 


Mlddla  of  fBlkvm  fraoM. , . . 
]i1dil»  of  g»l]<rani  framn     . 

YiBHUikir.  ,. .. 

MMdk  of  i^lom  fkmn« 
'  V«itll««ar - 


Middle  OQOLb  of  ihftft  bunne. 


Vk 


P_^^_^_ 


Bte^iaj. 


Attou  . 

HomMtake 

Cfinton 

a&M.  Na4 

Hnbiid 

Bill  Koran  (owner) 

Glnari  Bros 

Barm 


Olangaiy 

Shaft  west  of  aoath  of 

Aaaoooda  mine, 
liiiie     BoathoMt    of 

HeverHw^Ht  shaft. 

aUTerbow 

SIlTMrbow  Ko.  3 

Berkeley    

PetinsylvaDia 


Middle  of  fatlom  frame . 
MnMle  of  i^lowv  frame 
Middle  of  gallows  frame.  .. 

FUwrtaff .        . 

Middle  of  gallows  frame.     . 

Middle  of  cupola 

Middle  of  gallows  frame. . 
Middle  of  gallows  frame  . 
Middle  of  gallows  frame  ^.  . 
Middle  of  gallows  frame 
Middle  of  gallows  frame 
Middle  of  gallows  frame 

Ventilator 

Boiler  stack  at  toiiiiol 
Middle  of  gallowH  frainu 
Middle  of  gallows  frame     . . 
Middle  of  gallowH  frame     . 

Mld^^^  frame  of  nhaf I    

Vertical  bolt  in  iiiidaie  of 

stay  frame  ohhI  of  shaft . 
Middle  of  gallows  f  rauic 
Middle  of  ventilator  

Middle  of  gal  Iowh  frame 

Ventilator      

Flagstaff      -  

Flagstaff 

Middle  of  gallowH  frame 


4A  01  48.74 
4(1  01  41.02 
40  01  4»,44 
46  01  4a,  IM 
4e  01  4T.4« 

46  OL  m.m 


40  0) 

46  m 

46  01 

46  01 

;  46  Ut 

;  40  01 

I  46  01 

•  46  01 

I  46  01 

i  46  01 

46  01 

46  01 

46  (M) 

46  (M) 

16  01 

,  46  01 

46  01 

46  01 

I    U\  00 

;  46  00 

16  01 


16,55 

■iO.  67 
i:).00 
a'^.66 

06.08  . 
04.JI5 
02.65 
01.81 
00. 3i 
01.9-3 
t>,».;j6  1 
t»1.0ti 

:ts.  20 

11.-3  , 
i;j.  iH 
or.  2i 


46  (N)   14.60 
46  01  (H.2S 

46  01  W\.  im 

I  46  00  53. 00 

I  46  00  44.59 

'  46  01  02. 12 

46  00  50.28 


unm  iT.ti 

113  31  39.40 

m  m  54.71 

112  31  37.50 

112  31  mA4 

Mi  30  :ia.57 

113  83  IH.08 
112  WKri.TO 
1 VS  31  (15, 76 
112  31    111.  02 

112  31  r>;t.56 

113  :)2  16.68 
112  31  35.85 
112  31  57.58 
112  31  4S.53 
112  31  32.74 
112  28  5;j.OO 
112  31  36.06 
112  28  51.40 
112  28  4r,.04 
112  27  57.5:j 
112  27  50.12 
112  3()  0«i.54 
112  2t»  16.30 
112  28  30.60 
112  30  im.AH 
112  30  .n.41 

112  30  41.80 
112  31  2H.J5 

112  81  81.01 

112  80  42.20 
112  80  86.28 
112  30  37.10 
112  80  58.77 


192       PRIMARY  TRIANGULATION  AND  PHlMAiiY  TRAVEKSE.    [»iri*l.iai, 

UTAH -WYOMING.  ( 

Tdang^iilation  Slations. 

The  following  stalioiis  form  a  l^wlt  of  quaclri  late  rain  which  startii 
frojn  a  line  of  the  UiiiUmI  States  Coast  and  fteocletic  Survey  st4iiioii 
Desei'et-Nebo,  antl  t^xtt^idf*  northeasterly  aiid  then  easterly  along  the 
forly-fii^t  paraUel  of  latitude  through  the  Uint^  Fore&t  Re*i*?rv©. 
Nine  of  thowe  HtationH  were  published  in  the  Nineteenth  and  th© 
reniaindcjr  in  the  Twentieth  Annual  Hei>ort  of  the  Uiiitol  StAtet 
Geohigical  Survey.  All  t\w  fKJsitions  have  been  reeoniputed  ani 
based  oti  the  ''XL  H.  Standai*cF*  datum,  and  aiv  now  republiiihed  witl] 
e<jri'«3eted  values* 

KEHi^  JUAB  COUNTY,  UTAH, 
[Latituae  m   iH'  mA  \\     LouiptQde  111'  45'  3«.M"-] 


To  Btatiim*- 


Dessret  .         ..._. 

Timpauogt»     ..... 
Bpauisk  Fork  Peak 


Asliaiitli. 

i;i4  47  27.68 
180  49  :j'i,  25 
213  *M  mk  70 

•a             *               ** 

ai4  14  13.30 

^  m  OH. 50 

Ifrfrtvr. 

5.ona'*74 

4.8107107 
4.BC74404 

DESERETj  TOOBIjE   COUNTY,  UTAIL 
[Latitude  40   37'  m.m \     Lon^ttide  113   a7  :J3.r>5  .] 


Tostttiiou— 


Timpanogoe  — 

Spanish  Fork  Peak 
Nebo 


Aatmtilh, 

F*m-k  fijciiuuth. 

l^jp?  dlNtaut^, 

Meters. 

375  20  54. 42 

95  59  25.0(5 

4. 9264460 

293  28  17.08 

114  10  51.86 

5.0092198 

314  14  12.20 

134  47  27.68 

5.0118874 

TIMPANOGOS,  UTAH    COUNTY,  UTAH. 
[Latitude  40    33'  04.92  '.     Longitude  111    38  09.04".] 


To  station— 


Nebo 9  54  33.61 

Deseret  ..   95  59  25.06 

Clayton .  195  47  43.75 

Kamas 227  15  07.05 

Currant  C:reek  Peak 270  51  37.53 

Spanish  Fork  Peak 344  15  55.66 


Azimuth. 


Buck  azimuth.  I  Lo(.  distance. 


189  49  32.25 

275  20  54. 42  I 

15  50  42.67  ! 

47  32  13.42 

91  09  34.01 

164  20  08.  m 


Meters. 

4. 8107167 
4.9264460 
4.3766781 
4. 7032109 
4. 5932849 
4. 5840283 


WlLBOir  BT  AL.] 
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SPANISH  FORK  PEAK,  UTAH   COUNTY,  UTAH. 
[Latitude.  40"  05'  17.46".     Longitude,  111^  31'  37.56' .] 


To  station— 


Nebo 

Deeeret  

Tixnpanogos 

Ifmnim 

Cnrrant  Creek  Peak .. 

Strawberry 

Grey  Head 


Azimuth. 

Bac^k  azimntli. 

Log.  distanoe. 

o 

Meters. 

33  36  08. 50 

213  26  56.70 

4.5674464 

114  10  51.86 

293  28  17.08 

5.0092198 

164  20  08. 53 

344  15  55.66 

4.5340282 

202  33  01.42 

22  45  51.01 

4.8616269 

222  51  16.76 

43  04  57.11 

4.6439550 

275  25  26.49 

95  46  24.82 

4.6678909 

280  38  47.23 

101  10  20.60 

4.8518116 

293  26  04.72 

113  50  13.17 

4.7662870 

CURRANT   CREEK   PEAK,  WASATCH   COUNTY,  UTAH. 
[Latitude,  40   22'  42.51   .     Longitude,  111    10'  27.48  ".] 


To  station— 


Azimuth. 


Back  azimuth. 


Loif .  distance. 


Spanish  Fork  Peak 43  04  57. 11  I  2^2  51  16.76 

Timpanogos .J    91  09  34.01  .  270  51  37.53 

Clayton  Peak '  125  59  02.55  I  305  44  02.70 

Wanahip I  154  05  48.90     333  53  53.12 

Kamas I  176  49  22.38  !  356  48  28.80 

Grey  Head 

Peak 

Strawberry 


318  55  39. 11 
323  24  40.00 
336  10  21.58 


139  13  38. 95 
143  40  47.00 
156  17  4o.70 


Meters. 

4.6439550 

4.5932849 

4.6050691 

4. 7704972 

4.5431299 

4.7815030 

4.7763501 

4.6040241 


CLAYTON    PEAK,   AT   CORNER    OF   SUMMIT,   SALT   LAKE,    AND   WASATCH 

COUNTIES,  UTAH. 

[Latitude  40   35'  27.46  .     Longitude  111    33  33.48'.] 


To  station - 


Azimuth. 


Bark  azimuth.  1  Log.  distance. 


Timpanogos 15  50  42.67     195  47  43.75 

Wanahip '  192  51  38.26       12  54  45. 17 

Porcupine '  218  28  39.76  |    38  46  17.17 

Kamas [249  40  20.57      69  54  29.61 

Currant  Creek  Peak '  305  44  02.70  |  125  59  02.55 


Meters. 

4.3766781 
4.4792754 
4.7836351 
4.5137508 
4.6050691 


BuU.  181—01- 
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KAMAS,  SUMMIT  COUNTY,  UTAH. 
[Latitude  40**  41'  83.01".     Longitude  111''  11'  49.91".] 


To  station- 


Spanish  Fork  Peak . 

Timpanogos 

Clayton  Peak 

Wanship 

Porcupine 

Medicine  Butte. ... 

La  Motte  Peak 

Currant  Creek  Peak 


Azimuth. 


23  45  51.01 
47  32  18. 42 
69  54  29.61 
127  18  26.73 
191  28  84.44 
198  17  51.24 
256  19  48.60 
356  48  28.80 


Back  azimuth. 

202  33  01.42 

227  15  07.05 

249  40  20. 57 

807  07  22.51 

11  82  00.20 

18  29  16. 19 

76  37  15.85 

176  49  22.38 


Lofif.  distance. 


Meters. 

4.8516269 
4. 7032109 
4.5137508 
4.4763953 
4.5674671 
4.8880062 
4.5880839 
4.5431299 


WANSHIP,   ON  BOUNDARY    LINE   BETWEEN   SUMMIT   AND   MORGAN 

COUNTIES. 

[Latitude  40^  51'  20.24".     Longitude  111°  28'  46.97  '.] 


To  station - 


Clayton  Peak  . 
Medicine  Butte. 
Porcupine 


Azimuth. 

O  /  H 

12  54  45. 17 
220  51  58.21 
239  44  46.60 


Elizabeth  Mountain '  257  40  58.82 

La  Motte  Peak. !  278  08  42.73 

Kamas... 307  07  22.51 

Currant  Creek  Peak 333  53  53.12 


Back  azimuth. 

hog.  distance. 

0                / 

Meters. 

192  51  38. 26 

4.4792754 

41  14  32.92 

4.8645769 

59  59  19.11 

4.5565221 

78  10  26.43 

4.8101140 

98  37  16.48 

4.7931848 

127  18  26.73 

4. 4763953 

151  05  48.90 

4.7704972 

PORCUPINE,    SUMMIT   COUNTY,    UTAH. 
ILatitiide  40^  01'  06.39'  .     Longitude  111    06  35.38' .] 


To  station- 


Azimuth. 


Back  azimuth.      Ltogr.  distance. 


Kamas 11  32  00.20 

Clayton  Peak 38  46  17.17 

Wanship   59  59  19.11 

Medicine  Butte j  204  31  22.53 

Elizabeth  Mountain ,  278  01  22.26 

La  Motte  Peak I  311  49  13.93 


191  28  34.44 
218  28  39.76 
239  44  46.60 
24  39  22.  57 
98  16  19. 18 
132  03  18.71 


Meters. 

4.56746' 

4.78363 

4.5565:' 

4.6109 

4.508f 

4.608 


WILSON  ST  Au]  UTAH-WYOMING. 

LA  MOTTE  PEAK,   SUMMIT  COUNTY,   UTAH. 
[Latitude  40**  46'  26.67".    Longitude  110°  45'  05.04 ".] 
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To  stafcioxi— 


Azimuth. 


Back  azimuth. 


Log.  distance. 


Kamas 

Wanship  

Pcnrcupine 

Medicine  Butte 

Elizabeth  Mountain 

Bridger  Butte 

Gilbert  Peak 


76  37  15.85 
98  37  16.48 
132  03  18.71 
168  31  24.33 
184  33  11.98 
202  30  53.24 
260  50  54.64 


256  19  48.60 

278  08  42.73 

311  49  13.93 

348  25  15.56 

4  34  02.28 

22  42  12.37 

81  07  03.28 


Meters. 

4.5880839 

4.7981848 

4.6085751 

4.8168173 

4.3547610 

4.7989716 

4.5463910 


ELIZABETH  MOUNTAIN,    SUMMIT  COUNTY,    UTAH. 
[Latitude  40"  58'  38.09".    Longitude  110  43'  48.18 ".] 


To  station- 


La  Motte  Peak 

Wanship 

Porcupine 

Medicine  Butte 
Bridger  Butte . 

Sage  Creek 

Gilbert  Peak.. 


Azimuth. 


4  34  02.28 
78  10  26.43 
98  16  19. 18 
160  25  21.23 
212  05  39.46 
248  57  50.75 
297  15  45.93 


Back  azimuth. 


184  33  11.98 
257  40  58.82 
278  01  22.26 
340  18  21.14 
32  16  10.43 
69  21  36.34 
117  31  06. 36 


Log.  distance. 


Meters. 

4.3547610 

4.8101140 

4.5089383 

4.6461719 

4.6283448 

4.7341364 

4.5688482 


MEDICINE  BUTTE,  UINTA   COUNTY,  WYO. 
[Latitude  41"  31'  09.90  '.    Longitude  110'  54'  26.39  ".J 


To  station— 


Kamas 18  29  16.19 

Porcupine 34  39  23.57 

Wanflhip 41  14  33.92 

Bridger  Butte 279  15  39.35 

Gilbert  Peak 320  44  12.65 

Elizabeth  Mountain 340  18  21.14 

La  Motte  Peak 848  25  15.56 


Azimuth. 


Bai;k  azimuth. 


198  17  51.24 
204  31  22.53 
220  51  58.31 
99  33  14.11 
141  06  35.93 
160  25  21.23 
168  31  24.  as 


Log.  distance. 
Meters. 

4.8880052 
4.6109744 
4.8645769 
4.5758129 
4.8789648 
4.6461719 
4.8168178 
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BRIDGER  BUTTE,  UINTA  C^OUNTY,  WYO. 
[Latitude  41    17'  50.40  '.    Longitude  110"  27'  49.07  ".] 


To  station— 

Azimath. 

Back  azimath. 

LoK-  distauce. 

La  Motte  Peak           . 

1 
22  42  12.37     202  30  52.24 

Meters. 
4. 7989716 

Elizabeth  Mountain 

Medicine  Butte. 

SageCreek 

Gilbert  Peak 

33  16  10.43 

99  33  14.11 

299  51  00.03 

348  44  47.41 

212  05  39.46 
279  15  39.35 
120  04  18. 12 
168  49  40.71 

4.6232448 
4.5758129 
4.5126707 
4.7293086 

GILBERT  PEAK,  ON   LINE   BETWEEN  WASATCH   AND  SUMMIT  COUNTIES, 

UTAH. 

[Latitude  40"  49'  25.45  ".     Longitude  110°  20'  22.56".] 


To  station- 


Azimuth. 


I 
LaMottePeak |    81  07  03.28 

Elizabeth  Mountain  - I  117  31  06.26 

Medicine  Butte 141  06  35.92 

Bridget  Butte 168  49  40.71 

Sage  Creek ,  20G  07  18.94 

Turtle  Bluff 218  40  53.40 

Widdop 235  56  47.98 

PhilPico  -    .    - 244  49  20.32 

North  Burro ..|  260  49  03.06 

LeidyPeak i  278  00  01.68 

Marsh  Peak J  285  57  57.60 


Back  azimuth. 


260  50 

297  15 

320  44 

348  44 

26  15 

38  51 

56  07 

65  05 

80  55 

98  19 

106  18 


54.64 
45.93 
12.65 
47.41 
40.40 
45.65 
25. 77 
47.90 
32.98 
51.90 
00.22 


Liog.  distance. 


Meters, 
4.5463910 
4.5688482 
4.8789648 
4.7293086 
4. 6073643 
4. 5701299 
4. 4393071 
4. 5907433 
4. 1507944 
4. 6349144 
4.6528536 


SAGE   CKEKK,  UINTA   COUNTY,  WYO. 
[Latitude  41    09  Oil'.iO  .     Longitude  110   07'  38.02  ".] 


To  station- 


Azimuth. 


Back  azimuth.     Log.  distauce. 


North  Burro  .. .      i  0  ;i5  ;3y.39 

I 

Gilbert  Peak ..J  20  15  40.40 

Elizabeth  Mountain      '  69  21  30. 34 

Bridger  Butte.-       120  04  18.12 

Phil  Pico ;J18  4:3  47. 07 

Turtle  Bluff 1  323  48  45.24 

Widdop ...346  50  12.14 


186  33  49.02 
206  07  18.94 
248  57  50.75 
299  51  00.03 
138  51  55.70 
143  51  16.87 
166  52  29.89 


Meters. 
4.5354837 
4.6073643 
4.  7341364 
4.5126707 
4.4210797 
3. 9597700 
4. 3331520 
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To  station- 


Widdop 

Gilbert  Peak . 
Sage  Creek... 

PhUPico 

Milepo6t314.. 
Milepo8t3l5.. 


Azimuth. 


Btwik  lizimuth. 


2  03  07.42  I  182  02  53.7:? 

38  51  45.65  I  218  40  5:^.40 

143  51  16.87  I  323  48  45.24 

316  05  50.87   136  11  27.82 


344  06  02. 80 
353  18  40. 62 


164  07  20.11 
173  19  12.48 


I40K.  diHtAncN'. 


Meters. 

4. 1342101 
4. 5701299 
3. 9597700 
4.2382357 
4.0021400 
3. 98a3851 


WIDDOP,    SUMMIT    C'OITNTV,    UTAH. 
[Latitude  40    57'  43.48  .     Lonj^ritude  110   04  OS.ao  .  | 


To  station- 


Azimuth. 


I 


North  Burro 
Gilbert  Peak 
Sage  Creek. 
Turtle  Bluff. 
Milepost  314 
Phil  Pico  ... 
Leidy  Peak. . 


Hii«*k  ii/.iiuutli.      TjOj^.  (listiinre. 

I 


34  01  37.55  I 
56  07  25.77  | 
166  52  29.87  ' 
182  02  53. 73 
219  22  54. 67 
264  46  20. 88  ' 
317  12  OH.  38 


213  57  30.09 

235  56  47.98 

346  50  12.14 

2  03  07.42 

39  24  25. 56 

H4  52  11.10 

137  21  22.82 


Meiers. 

4.1992517 
4.4:^93071 
4.3331520 
4. 1342101 
3. 7081856 
4.0983480 
4.4661622 


NORTH    BUKRO,    SUMMIT    COUNTY,    UTAH. 
[Latitude  40    50  38.2;r  .     Lon^tnde  110^  10  26.23  .] 


To  Btatiou- 


Iku'k  uziinurli.   1  lAig.  iliMtunco. 


Gilbert  Peak . 


80  55  32. 


Sage  Creek 186  33  49.02 

Widdop I  213  57  30.09 

PhilPico 236  11  30.26 

Leidy  Peak 286  08  2V>.01 


260  49  03. 06 

6  35  39.39 

34  01  37.55 

56  21  27.54 

106  21  49. 80 


Meiers. 
4.1507944 
4.5354837 
4. 1992517 
4. 4093534 
4.4759231 


198       PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [mn^m. 

MILEPOST  315,  UTAH-WYOMING. 

[Latitude  40^  59'  51.29".    Longitude  110^  02'  58.92".] 


To  station- 

Azimath. 

Back  azimuth. 

Log.  distance. 

Turtle  BluflP 

0                /                   // 

173  19  12.48 
269  50  10.40 
284  27  35.04 

o             »                // 

353  18  40.62 

89  50  55.84 

104  32  39.87 

Meters. 

3.9883851 

Milepo8t314 

3.2092432 

Phil  Pico 

4.0500968 

UINTA,  SWEETWATER   COUNTY  LINE,  INITIAL  POINT,  WYOMING. 
[Latitude  40"  59'  51.30".     Longitude  110"  02'  54.H.5 '.] 

MTLEPOST   314,  UTAH-WYOMING. 
[Latitude  40"  59'  51.43 '.     Longitude  110"  01'  49.65  ".] 


To  station— 


Widdop 

Milepost  315 
Turtle  Bluff 
Phil  Pico  . , 


Asimnth. 


Back  azimuth. 


39  24  25.56 

89  50  55.84 

164  07  20. 11 

286  58  46.33 


219  22  54.67 
269  50  10.40 
344  06  02.80 

106  58  05.74 


Log.  distance. 


Meters. 
3.7081856 
3.2092432 
4.0021400 
3. 9a51925 


PHIL   PICO,  UINTA    COUNTY,  UTAH. 
[Latitude  U)   58  20.18  .     Longitude  109   55'  14.14  '.] 


To  station- 


North  Burro 

Gilbert  Peak. 

Widdop 

Milepost  31 5 

Milepost  314 

Turtle  Bluff 

Sage  Creek 

TwinButtes 

Richards  Butte  . . . 

Lena 

Trout  Creek  Peak  . 

Leidy  Peak 

Marsh  Peak 


Azimutlj. 

Ba<'k  azimuth. 

Log.  distance. 

/, 

Meter.f. 

50  21  27.54 

230  11  30.26 

4. 4093534 

65  05  47.90 

244  49  20.32 

4. 5907433 

84  52  11.10 

207  28  30.66 

4.0983480 

104  32  39.87 

284  27  35.04 

4.0500968 

100  58  05. 74 

286  53  46.33 

3.9a51925 

136  11  27.82 

316  05  50. 87 

4.2382357 

138  51  55.70 

318  43  47.07 

4.4210797 

218  14  15.28 

38  22  46.53 

4.4668992 

264  33  43.03 

84  57  58.50 

4.7166557 

295  34  10.38 

115  54  08.97 

4. 6754428 

318  53  50.69 

139  02  11.33 

4.4358754 

342  00  22. 18 

162  03  47. 16 

4.3762588 

344  53  55.73 

164  57  33.64 

4.4774812 
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LEIDY  PEAK,  UINTA   COUNTY,  UTAH. 
[Latitude  40*^  46'  06.79  '.    Longitude  109'  50'  00.89 ".] 


To  station- 


Gilbert  Peak 

North  Burro 

Widdop 

Phil  Pico 

Trout  Creek  Peak 

Lena 

Marsh  Peak 


Azimuth. 

98  19  51.90 

O             1                   II 

278  00  01.68 

106  21  49.80 

286  08  29.01 

137  21  22.82 

317  12  08.38 

162  03  47. 16 

342  00  22. 18 

259  02  24.06 

79  07  19.08 

266  32  16.83 

86  48  42.36 

355  47  36.34 

175  47  49.36 

Log.  distance. 

Meters. 

4.6849144 

4.4759231 

4.4661622 

4.3762588 

4.0329170 

4.5495441 

3.8050251 


MARSH  PEAK,  UINTA   COUNTY,  UTAH. 
[Latitude  40'  42  40.42".     Longitude  109^  49  40.94".] 


To  station- 


Gilbert  Peak 

Phil  Pico 

LeidyPeak 

TwinButtee 

Trout  Creek  Peak 
Richards  Butte  . . 

Lena 

Little  Mountain . . 


Azimuth. 

Back  azimuth. 

O             /                   II 

Log.  distance. 

o           / 

Meter*. 

106  18  00.22 

285  57  57.66 

4.0528636 

164  57  33.64 

344  53  55.73 

4.4774312 

175  47  49.36 

355  47  36.34 

3.8050251 

191  16  48.14 

11  21  39.70 

4.7243835 

230  15  37. 15 

50  20  18.97 

4.1194058 

232  26  46.63 

52  47  20.28 

4.7448761 

256  18  37.30 

76  34  49.24 

4.5554878 

330  16  33.05 

150  21  36.00 

4. 3440832 

TROUT  CREEK  PEAK,  UINTA   COUNTY,  UTAH. 
[Latitude  40^  47'  13.03  .    Longitude  109^  42'  29.19".] 


To  station— 

Azimuth.          Back  azimuth. 

Log.  distance. 

Marsb  Pw^t 

50  20  18.97 

79  07  19.08 

139  02  11.33 

358  21  41.82 

280  15  37. 15 
259  02  24.06 
318  53  50.69 
178  22  03. 68 

Metern. 
4.1194058 

LeidyPeak 

4.0329170 

Phil  Pico 

4. 4358754 

Little  Mountain 

4.4410184 
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TWIN   BUTTES,  SWEETWATER   COUNTY,  WYO. 
[Latitude  4V  10'  45.54".    Longitude  109°  42'  16.05".] 


To  station- 

Azimuth. 

Back  azimuth. 

Loff.  distance. 

Marsh  Peak               

O               1                   II 

11  21  39.70 

38  22  46.53 

298  20  57.24 

830  38  27.97 

O                 1                    II 

191  16  48.14 
218  14  15.28 
118  36  44.26 
150  49  52.43 

Meters. 
4.72438;^5 

PhilPico 

4.4668992 

Richards  Butte 

4.5826379 

Lena 

4.6983833 

RICHARDS  BUTTE,  SWEETWATER  COUNTY,  WYO. 
[Latitude  41^  00'  54.25  ".    Longitude  109^  18'  15.37".] 


To  station- 

Azimuth. 

Back  azimuth. 

hog.  distance. 

Lena                   - 

O                 /                    II 

20  10  09.52 

52  47  20.28 

84  57  58.50 

118  36  44.26 

200  05  49.86 
232  26  46.63 
264  33  43.03 
298  20  57.24 

Meters. 
4.4308414 

Marsh  Peak 

4.7448761 

PhilPico             

4. 7166557 

Twin  Buttes 

4.5826379 

LENA,  UINTA   COUNTY,  UTAH. 
[Latitude  40   47'  i;}.44' .     Longitude  109^  24'  51.94".] 


To  station- 


Little  Mountain 
Marsh  Peak  . .  . 

Leidy  Peak 

PhilPico . 

Twin  Buttes  .  - . 
Richards  Butte . 


Azimuth. 

i     41  08  .57. 10 

76  34  49. 24 

86  48  42. 36 

116  54  08.97 

150  49  52.43 

200  05  49.86 

Back  azimuth. 

Log.  distance. 

0 

Meters. 

220  57  50.04 

4. 5036299 

256  18  37.30 

4. 5554878 

266  32  16.83 

4.5495441 

295  34  16.38 

4.6754428 

330  38  27.97 

4.6983833 

20  10  09.52 

4.4308414 

LITTLE   iMOUNTAIN,  UINTA   COUNTY,  UTAH. 
[Latitude  40   32^  18.40^     Longitude  109'  41  55.6y^] 


To  station- 


Azimuth. 


Marsh  Peak.. 150  21  36.00 


Trout  Creek  Peak . 
Lena.  


178  23  03.08 
220  57  50.04 


Back  azimuth. 


330  16  33.05 

358  21  41.82 

41  08  57. 10 


Log.  distance. 


Meters. 
4.3440832 
4.4410184 
4.5636299 


WnjBOft  BT  AU] 


UTAH-WYOMING. 
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STRAWBERRY,  WASATCH   COUNTY,  UTAH. 
[Latitude  40'  02'  50.21".    Longitude  110   59'  02.69".] 


To  station- 


Azimuth. 


Back  azimuth.     Log.  distance. 


Spanish  Fork  Peak 95  46  24.82 

Currant  Creek  Peak 156  17  43.70 

QreyHead 

Peak 

Indian  Head 


290  42  49. 22 
300  11  14.91 
339  9J0  18.91 


275  25  26.49 
336  10  21.58 
110  53  25.10 
120  19  59.04 
159  23  31.16 


Meters. 

4.667H909 

4.6040241 

4. 3996083 

4.3501804 

4.3044758 


INDIAN  HEAD,  NEAR  THE  COUNTY  LINE  BETW  EEN  UTAH  AND  WASATCH 

COUNTIES,  UTAH. 

[Latitude  39"  52'  38.52' .     Longitude  110   54  03.36  '.] 


To  station- 


Spanish  Fork  Peak 

Strawberry 

Peak 

Grey  Head 


Azimuth. 


Ba(;k  azimuth.     Log.  ilistauoe. 


113  50  13. 17 
159  23  31.16 
238  13  36. 16 
238  39  17.42 


o 

Metem. 

293  26  04.72 

4. 7662870 

339  20  18. 91 

4.3044758 

58  19  07.32 

4.1587604 

58  46  40.08 

4. 2825707 

GREY    HEAD,  WASATCH   COUNTY,    UTAH. 
[Latitude  39^  58  01.24' .     Longitude  110'  42  33.58  '.] 


To  stotion- 


Indian  Head 

Peak 

Spanish  Fork  Peak . 

Strawberry  

Currant  Creek  Peak 


Azimuth. 


Back  azimuth.     Log.  distance. 


58  46  40.08  238  39  17.42 

60  04  27.00  240  02  36.00 

101  10  20.60  ]  280  38  47.23 

110  53  25.10  '  290  42  49.22 

139  13  38.95  I  318  55  39.11 


Afeters. 

4.2825707 
3. 6772294 
4.8518116 
4.3996083 
4.7815030 


PEAK  (secondary   POINT),  WASATCH  COUNTY,    UTAH. 
[Latitude  39^  56'  44.28 '.     Longitude  110^  45'  27.22  ".J 


To  station- 


Indian  Head  

Strawberry 

Currant  Creek  Peak 
Gr^Haad 


Azimuth. 


58  19  07.3 
120  19  59.0 
143  40  47.0 
240  02  36.0 


Back  azimuth.  ;  Log.  distance. 


238  13  36. 1 
300  11  14.9  ! 
323  24  40.0  ; 


Afeters. 
4. 1587604 
4.3501804 
4.7763501 
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WYOMING,  SOUTHWEST  CORNER  STONE. 
[Latitade  40'  59'  58.48 '.    Longitade  lir  02'  66.67 '.] 


Tostation- 

Baokuimath. 

Log.  distance. 

e         1        It 

112  60  86 

o           /         // 

292  48  06 

Meter: 
8.7688576 

PACIFIC  SECTION  Or  TOPOGRAPHY. 

IDAHO. 

Triangulation  Sutkms. 

In  order  to  control  the  Ooenr  d'Alene  mining  district  triangalation 
was  extended  eastward  from  Chilco  and  Skalan  in  June,  1900,  by  Mr. 
C.  F.  Urquhart,  topographer.     Five  new  stations  were  occupied. 

STEVENS,  SHOSHONE  COUNTY. 

On  line, between  Shoshone  County,  Idaho,  and  Missoula  County, 
Mont.,  on  a  well-known  mountain  about  5  miles  south  of  Mullan, 
Idaho.    There  is  a  good  trail  from  Mullan  to  the  station. 

Station  mark:  The  lone  signal  tree,  about  45  feet  south  of  highest 
point  of  mountain. 

Reference  mark:  A  copper  bolt  marked  **ir.  S.  G.  S."  set  in  solid 
rock  45  feet  from  signal  tree.     Azimuth  from  signal  to  bolt  167°  45'. 

[Latitude  47"  25'  29.89".    Longitude  115"  46'  26.26 ".] 


To  statioii— 

Azimuth. 

Back  azimnth. 

LofT.  diatanoe. 

Tiatonr 

O            1                  II 

91  27  22.97 
104  51  23.76 
182  37  45.67 
148  44  46.29 
170  37  01.65 

271  01  20.48 
284  35  89.87 
812  04  10.16 
823  30  47.10 
850  84  28.86 

Meter: 
4.6481888 

KelloRflT - 

4.4482141 

Chilco 

4.8864828 

Rocky 

4.6028676 

Murray 

4.4283365 

MURRAY,  8HC 

(Noto 

>SHONE  COIJ] 

ccupied.) 

^TY. 

On  highest  point  of  mountain  3  miles  north  of  Murray  and  reached 
by  a  trail  from  that  town. 

Station  mark:  A  copper  bolt  set  in  solid  rock,  over  which  is  a  rock 
monument. 


WTiMir  m  AL.]  IDAHO. 

[Latitnde  47*'  89'  36.10 ".    Longitude  115**  49'  53.86".] 
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To  station— 


Kellogg 
Latour. 
Rocky  . 
Chilco  . 


Azimuth. 


49  48  18.52 

58  01  20.20 

107  36  27.05 

116  22  22.58 


Back  azimuth. 


229  30  a5.72 
287  87  47.52 
287  24  59.43 
295  51  16.67 


Log.  diatance. 


Meter*. 

4.4698979 

4.6748654 

4.3082828 

4.7665878 


ROCKY,  SHOSHONE  COUNTY. 

(Not  occupied.) 

The  highest  point  of  a  high,  rocky  mountain,  on  north  fork  of 
Coeur  d'Alene  River. 
Station  mark :  Summit  of  peak. 

[Latitude  47"  42'  54.21".     Longitude  116°  05'  23.22".] 


To  station— 


Kellogg 
Latour. 
Skalan. 
Chilco. 
Murray 
Stevens 


Azimuth. 


6  49  33.70 

33  25  24.87 

81  37  53.23 

120  48  15.23 

287  24  59.43 

323  30  47. 10 


Back  azimuth. 


186  47  47.23 
213  13  17.95 
260  57  58.06 
300  28  37.39 
107  36  27.05 
143  44  46.29 


Log.  distance. 


Meterx. 

4.4047870 

4.5786841 

4.8849247 

4.5849189 

4.8082828 

4.6028676 


KELLOGG,  SHOSHONE  COUNTY. 

A  well-known  mountain  about  3  miles  south  from  Wardner,  reached 
by  a  good  trail  from  that  town. 

Station  mark:  The  lone  fir  signal  tree  on  northeast  end  of  summit. 

Reference  mark:  A  copper  bolt  marked  "U.  S.  G.  S."  set  in  rock 
20.1  feet  from  signal  tree.     Azimuth  from  tree  to  bolt  is  89°  25'. 

[Latitude  47"  29'  17.77".     Longitude  116°  07'  47.40 ".] 


To  station— 


Latour. 
Skalan. 
Chilco  . 
Rocky  . 
Murray 
Stevens 


Azimuth. 

Back  azimuth. 

Log.  distance. 

O                $               It 

// 

Meters. 

71  00  10.77 

250  49  51.40 

4.2702192 

103  15  21.92 

282  87  17.47 

4.8222862 

146  13  00.71 

325  55  11.60 

4.7824708 

186  47  47.23 

6  49  88.70 

4.4047870 

229  30  05.72 

49  43  18.52 

4.4698979 

284  85  89.87 

104  61  28.7ft 

1 

i       ^.^/fia\^L\ 
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LATOUR,    KOOTENAI    (BOUNTY. 

On  the  highest  peak  of  tlie  high  mount uin  near  tlie  liead  of  Latour 
Creek,  about  3  miles  south  of  the  well-known  point  called  "Baldj-." 
There  is  a  trail  up  Latour  Creek  to  mouth  of  Rocky  Creek,  thence  up  ridge 
on  north  side  of  Rocky  Creek,  around  the  head  of  same  to  station. 

Station  mark:  A  copper  bolt  marked  "U.  S.  G.  S."  set  in  solid 
rock,  surmounted  by  a  rock  monument  7  feet  in  height. 

[Latitude  47"  26'  00.54".     Longitude  116"  21'  48.00".] 
To  station— 


Skalan. 
Chilco  . 
Rocky  - 
Murray 
Kellogg 
Stevens 


Azimuth. 


114  11  17.60 
166  07  57.68 
213  13  17.95 
237  37  47.52 
250  49  51.40 
271  01  20.43 


Back  azimuth.     Lc^.  distance. 


293  43  34. 19 
346  00  30.41 
33  25  24.87 
58  01  20.20 
71  00  10.77 
91  27  22.97 


Met-rg. 

4.7128285 
4. 7197069 
4.5736341 
4.6748654 
4. 2702192 
4.6481338 


WASHINGTON. 
Triangulation  Stations. 

Triangulation  in  north-central  Washington  was  extended  west- 
ward from  the  119th  meridian  to  the  12()tli  meridian,  controlling  f  jur 
30-minute  quadrangles  and  connecting  the  work  bused  upon  the  Spo- 
kane astronomic  station  and  base  with  that  ])ased  upon  EUensburg. 
Six  new  and  five  old  stations  were  occupied  durin*]^  the  season  of  1900 
by  Mr.  C.  F.  Urquhart,  topographer. 

KELLER,  FERRY  COUNTY. 

On  the  highest  point  on  range  of  mountains  a])out  7  miles  (airline) 
west  from  Keller  ])()st-office.  To  reach  station  take  trail  from  Keller 
to  Nespalem,  and  at  7  miles  from  former  take  trail  running  north- 
west up  small  dry  creek,  thence  up  the  ridge. 

Station  mark:  A  fir  tree  about  50  feet  high,  trimmed  up. 

Reference  mark:  A  copper  bolt  set  in  large  rock  (18  or  20  feet  high) 
33.0  feet  north  of  tree. 

[Latitude  48"  03'  39.93".     Longitude  118°  47  48.89".] 


To  station- 


Salt  Lake  . . 

Omach 

Moses 

Paint  Rock 
WbJtestone  . 


Azimuth. 

108  05  20.04 
138  42  51.92 
150  19  12.87 
208  VS  28.45 
281  30  34. 12 


Back  azimuth. 

287  31  18.60 
318  19  52.78 
330  07  19.51 
28  20  41.31 
101  43  20.40 


Log.  distance. 

Meters. 
4. 7760002 
4. 7601759 
4.5994835 
4. 6646604 
4.3380503 


WIIiSON  m  AL.] 


WASHINGTON. 
TONK,  OKANOGAN    COUNTY. 
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On  the  highest  point  of  mountain  on  the  north  side  of  Tonk  Creek, 
a  small  stream  that  empties  into  the  Okanogan  River,  a  little  south 
from  Riverside  post-office.  The  station  can  be  easily  reached  from  the 
south  side,  which  is  covered  with  bunch  grass  nearly  to  the  summit. 

Station  mark:  A  lone  fir  tree  18  feet  high  about  20  feet  north  of 
highest  i)oint. 

Refei-ence  mark:  A  copper  ])olt  marked  "11.  S.  G.  S."  set  in  large 
rock  17.  G  feet  S.  3^  E.  from  tree. 

[Latitude  48    JW  4:J.2:J  .     Lonj^dtudw  119    14'  15.30."] 


To  Stat  km 


Omach 

Bonaparte 

Fir - ■  238  59  51. 8G 

Moses 


Azimuth. 

Back  a/.imuth. 

I.rf>K.  diHtance. 

o 

.,        .  •    . 

^feU'r8. 

26  40  32.  95 

2(M}  37  16.77 

4.0787940 

197  27  31.35 

17  32  39.77 

4.4663413 

238  59  51.  8G 

59  13  24.89 

4.4128438 

326  08  28. 00 

146  16  19.39  1 

i 

4.3666952 

OMACH,    OKANCKiAN    COUNTY. 

On  the  higliest  peak  on  ridge  between  Tonk  and  Omacli  (Meeks,  at 
the  head  of  Similkin  Creek,  a  small  stream  flowing  into  the  Okanogan 
River  parallel  to  Oma<*h  Creek.  Tlie  peak  is  about  G  miles  east  of  the 
Okanogan  River  and  can  best  be  ascended  from  the  south  and  west 
side.s.     All  timber  has  been  cut  from  the  summit  of  mountain. 

Station  mark:  A  c<)px)er  ]K>lt  nuvrked  "  U.  S.  G.  S."  set  in  solid  rock, 
above  which  a  I'ock  monument  was  <M-ected. 

[Latitude  48    26'  5<).31  .     Longitude  119    18  37.30'.] 


To  Htation 


A/.iiniith. 


Biick  H/.iiniithf     Log.  diHtance. 


Salt  Lake  ._ 36  49  35.99 

Buck   88  04  23.29 

Lemanasky 144  50  59. 09 

Bonaparte 2(X)  10  01.43 

Tonk 206  37  16.77 

Fir 228  50  52.45 

Moses 295  04  43.11 

Keller ...I  318  19  52.78 


216  38  22. 64 

267  41  20.68 

324  36  59. 53 

20  18  29. 15 

26  40  32. 95 

49  07  41.26 

115  15  50.06 

138  42  51.92 


Meters. 

4.4918667 

4.5811673 

4.6022378 

4.6001909 

4.0787940 

4. 5631331 

4. 3066980 

4.7601759 
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SALT   LAKE,    OKANOGAN   COUNTY. 

On  a  low  timbered  hill  5  or  6  miles  east  from  Molett,  on  west  side  of 
Okanogan  River  and  13  miles  southeast  from  Alma  post-office  and 
ferry.  The  hill  is  the  highest  point  in  the  immediate  vicinity  and  has 
salt  lakes  on  every  side  of  it. 

Station  mark :  A  pine  tree  trimmed  up  for  signal. 

Reference  mark:  A  copper  bolt  marked  "U.  S.  G.  S."  set  in  solid 
rock  21  feet  west  from  tree. 

[Latitude  48"  13'  31.03'  .     Longitude  119'  33'  38.62".] 


To  Btatioii— 

Azimuth. 

Back  azimuth. 

320  00  28.29 
36  49  35.99 
66  26  36. 30 

108  05  26.64 

Log.  distance. 

Buck  .              

140  12  24. 31 
216  38  22. 64 
246  04  17. 57 
287  31  18.60 

Meters, 

4. 4854816 

Omach 

Moses 

4.4918667 
4.6060805 

Keller      

4. 7760002 

LEMANASKY,    OKANOGAN    COUNTY. 

On  the  highest  point  on  ridge  between  the  Okanogan  River  and 
Sinlohegan  Creek,  about  17  miles  from  ConconuUy  and  8  miles  south 
from  Loomis.  The  road  from  ConconuUy  t^  Lemanasky  Lake  goes 
within  2  miles  of  mountain.  All  timber  has  l)eon  cut  from  summit 
except  on  north  side. 

Station  mark:  A  bronze  tablet  cemented  in  solid  rock,  above  which 
was  erected  a  rock  cairn  7  feet  high. 

[Latitude  4«    44'  34.06  '.     Longitude  119    aT  24.94  '.] 


To  Ktatioii— 


Buck    

Tiflfany 

Chapaca  (2) 
Bonaparte . . 

Fir  

Moses 

Omach 


Azimuth. 


Back  azimuth. 


hog.  distance. 


23  39  30.89 
70  34  16.66 
156  58  50.42 
262  31  57.97 
279  28  30. 68 
314  42  29.04 
324  36  59.53 


203  30  26.39 
250  10  17.61 
336  53  14.31 
82  54  31.81 
99  59  28.98 
135  07  42.81 
144  50  59.09 


Meters. 

4. 5703951 
4.3847799 
4.3661596 
4.  5689617 
4.  7102014 
4. 7669900 
4. 6022378 


CHAPACA    (2),    OKANOGAN    COUNTY. 

(Not  occupied.) 

A  sharp  rocky  peak  8  or  10  miles  a  little  uortli  of  west  from  Loomis; 
the  flat  rid.s?e  about  2  miles  west  is  higher. 
Station  mark:  /Summit  of  peak. 


wiLsoH  n  Aul  WASHINGTON. 

[Latitude  48*'  56'  06.12 '.    Longitude  lir  44'  51.88 '.] 
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To  station— 


Lemanasky 
Tiffany 


Azimuth. 


e  I  n 

336  53  14.31 
24  54  10.88 


Back  azimuth. 


/         // 


156  58  50.42 
204  45  46.51 


Loff.  distance. 


MtterB. 

4.8661596 

4.5128241 


BUCK,  OKANOGAN  COUNTY. 

A  round,  timbered  mountain,  locally  known  as  Buck  Mountain,  on 
the  divide  between  Okanogan  and  Methow  rivers.  It  is  the  most 
southeastern  high  i)oint  on  ridge  and  is  at  the  head  of  Johnson  and 
Sweat  creeks.  The  road  between  Twisi>  and  Conconully  passes  about 
4  miles  south  from  station  at  the  point  where  it  crosses  Sweat  Creek, 
17  miles  from  Twisp.  From  this  point  horses  can  be  ridden  to  station. 
It  is  difficult  t^)  reaeli  from  nortli  and  west  sides. 

Station  mark :  The  lone  pine  signal  tree,  20  feet  high. 

Reference  mark:  An  aluminum  bolt,  marked  **U.  S.  G.  S.,"  set  in 
rock.     Azimuth  from  tree  134°  09',  distance  5.9  feet. 

[Latitude  48"  26'  10.72  .     Longitude  119'  49'  30.94  '.] 


To  utation— 


Lookoat - . . 

Tiflfany 

Lemanasky 
Bonaparte  . 

Fir 

Qmach 

Moses 

Salt  Lake  . . 


Azimuth. 

Back  azimuth. 

Log.  distance. 

o             . 

Metert. 

63  07  29.09 

242  51  10.72 

4.4804841 

162  50  58.70 

342  46  05.81 

4.4331645 

203  30  26.39 

23  39  30.89 

4.5703951 

232  53  29.34 

53  25  04.68 

4.8106748 

248  30  00. 29 

69  09  58.40 

4.8473807 

267  41  20.68 

88  04  23.29 

4.5811673 

276  59  28. 07 

97  33  41.19 

4.7552967 

320  00  28.29 

140  12  24.31 

4.4854816 

TIFFANY,  OKANOGAN    COUNTY. 

A  round,  ban%  dou])le-to])p(Hl  mountain,  lying  in  the  main  range 
between  the  Okanogan  and  Methow  rivers  at  the  head  of  Boulder 
Creek,  which  is  the  fii-st  tributary  of  any  size  of  the  Chewach  River 
above  Winthrop.  The  station  is  on  the  higher  and  more  southerly 
summit  of  mountain. 

Station  mark:  A  hole  drill(»d  0  inches  deep  in  solid  rock  on  highest 
point,  over  which  was  erected  a  rock  cairn  8  feet  high. 


208       PRIMARY  TRIANOULATION  AND  PRIMARY  TRAVERSE,    [bum.  181. 
[Latitude  48^  40'  09.28' .     Longitude  119"  56'  01.69  ".] 


To  station- 


Lookout  .  - . 
Chapaca  (2) 
Lemanasky 

Moses 

Buck 


Azimuth. 


Back  azimuth. 


25  32  01.12  205  20  33.59 

204  45  46.51  24  54  10.88 

250  10  17.61  I  70  24  16.66 

296  53  56.32  I  117  33  05.90 

342  46  05.81  ;  162  50  58.70 


Log.  distance. 


MeUrg. 

4.6423317 

4.5128241 

4.3847799 

4.8595761 

4.4331645 


LOOKOUT,  OKANOGAN   COUNTY. 

A  rouiid-topixjd,  bunch-grass  hill,  partly  timbered  on  northwest 
slope,  lying  on  west  side  of  Methow.  River  between  Twisp  and  Lydle 
creeks,  about  10  miles,  by  trail,  from  Twisp  post-office. 

Station  mark:  An  aluminum  bolt,  stamped  '*  U.  S.  G.  S.,"  set  in  drill 
hole  in  solid  rock,  surmounted  by  a  small  rock  monument. 

[Latitude  48"  18'  46.18".    Longitude  120^  11'  19.79".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Tiffany    

205  20  33.59 
242  51    10.72 

25  32  01.12 
63  07  29.09 

Meters. 
4. 6423317 

Buck 

4.4804841 

CENTRAL  CALIFORNIA    (SIERRA  FOREST  RESERVE). 
Triangulation  Stations. 

Three  30-miuute  quadrangles  in  tlie  high  Sierras  were  controlled 
during  the  summer  of  li^OO  by  Mr.  E.  T.  Perkins,  jr.,  topographer, 
who  extended  triangulation  southward  from  Mounts  Conness,  Lyell, 
Hoffman,  and  Devil.  In  addition  to  reoccupying  these,  10  new 
stations  were  occupied  and  numerous  prominent  peaks  located  by 
intersection. 

Positions  published  herewith  are  based  upon  the  1901  United  St^ites 
stiindard  datum  of  the  Coast  and  Geodetic  Surv^ey. 

CONNESS,  MONO    COUNTY. 

A  primary  station  of  the  Coast  and  (Toodetic  Survey  10  miles  north 
of  Soda  Springs.  In  shape,  an  irregular  parallelogram  of  granite, 
from  northwest  portion  of  which  rises  tlie  top  of  peak  with  precipitous 
side  of  1,000  feet  or  more.     It  can  be  ascended  from  Soda  Springs  in 
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209 
Grass 


four  hours  by  a  trail  built  by  the  Coast  and  Geodetic  Survey 
and  water  can  be  found  within  1  mile  of  summit. 

Station  mark :  Concrete  pier  witli  iive-eighths-inch  copper  bolt  in 
center. 

[Latitude  37^  58'  02.59  ".    Longitude  119"  19*  14.23  ".] 


To  station— 

Azimuth. 

Red              

12  86  41.02 
17  29  05.74 
37  22  32.54 
51  21  09.23 
83  06  44.80 
310  11  57.93 
350  09  07.68 

192  33  26.59 

Clarke  Peak 

197  25  09.01 

Devil 

Hoflf  man 

Cottonwood  Peak 

217  07  08.88 
231  14  10.79 
262  51  29.07 

Dana 

Lyell 

130  15  39.67 
170  10  57. 54 

Meters. 

4.5515767 

4.4979644 

4.7855488 

4.3288340 

4.5639041 

4.0621370 

4.4088947 


DANA,  TUOLUMNE  COUNTY. 

A  large,  bare,  somewhat  irregular  peak,  with  cone-shaped  top,  cov- 
ered with  broken  sandstone  and  granite. 
St-ation  mark:  Stone  monument  about  (3  feet  liigh. 

[Latitude  37^  54'  00.88  .     Longitude  119'  13'  13.53 '.] 


To  station— 


Lyell 

Clarks  Peak 
Hoflhnan  — 
Conness 


Azimuth. 


Back  azimuth.   |  Log.  distance. 


14  01  13.38 
39  02  46. 85 
77  04  59.75 


193  59  22.02 
218  55  09.22 
256  54  20. 18 


130  15  39.67     310  11  57.93 


I 


Meters. 

4.2637680 

4.4630003 

4.4171931 

4.0621370 


HOFFMAN,  TUOLUMNE  COUNTY. 

About  2  miles  west  of  Lake  Tenaya  and  39  miles  from  Sequoia,  on 
the  west  of  Tioga  road.  The  mountain  has  three  sharp  ridges  of 
granite  and  the  point  occupied  is  the  highest  and  farthest  west.  On 
this  ridge  is  Chimney  Rock,  a  cylinder  of  granite  rising  from  main 
ledge  to  height  of  GO  feet,  and  it  is  north  of  this  that  station  occupied 
is  situated. 

Station  mark:  A  cross  cut  in  rock,  over  which  was  erected  a  monu- 
ment 5  feet  high. 

Bull.  181—01 14 


210      PSDfABT  TBIANGULATIOIf  AND  PBDfABY  TRAVEB8B.   [buix-UL 
[Latttode  87'  50'  50.13  .    Longitode  119'  80  85.94 '.] 


To 


Devil 

Pilot 

Cottonwood 

CkmneflB 

Dftna 

LyoU  ...  .. 
darks  Peak 
Eod 


Asimath. 


29  59  08.70 
76  06  03.86 
114  18  51.81 
281  14  10.79 
256  54  20.18 
299  28  12.89 

886  84  41.61 

887  28  09.91 


Back  azimath. 


209  50  87.68 
255  50  24.41 
294  05  85.56 
51  21  09.28 
77  04  59.75 
119  87  00.01 

156  87  42.86 

157  96  52.71 


Log.  dirtaiioe. 


Meter$. 

4.6092481 
4.5866541 
4.8858258 
4.8988840 
4.4171931 
4.8886744 
4.259T928 
4.2654986 


DEVIL,   HARIPOSA  COUNTY. 

At  the  8outhea8t  end  of  short,  sharp  ridge,  9  miles  southwest  of 
Wawona  Park,  bare  on  top  and  covered  with  loose  rock.  Ascended 
by  wagon  road  from  Wawona.  Nearest  camping  place  is  1^  miles 
northeast  of  summit. 

Station  mark:  A  cairn  of  stones,  4  feet  base,  4^  feet  high,  on  site  of 
old  monument,  5.6  feet  west  of  "  U.  S.  G.  S."  chiseled  on  rock. 

[Latitude  87**  81'  46.80 '.    Longitude  119'  44'  28.06".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  difttance. 

Pilot. 

146  28  49.18 
180  37  19.76 
209  50  37.68 
217  07  08.88 
235  55  55.04 
244  85  09.78 
297  47  02.53 
305  41  47.10 

326  16  39.68 
00  37  31.81 
29  59  03.70 
37  22  32.54 
56  07  20.30 
61  47  16.70 
118  07  16.04 
125  53  10.71 

Meiers. 
4.4928478 

Cottonwood 

4.6445464 

Hoffman 

4.6092431 

Conness 

darks  Peak  _     .        .   . 

4.7855484 
4.5212361 

Red 

4. 5097490 

Kaiser 

BigShnteye 

4.7451616 
4.5326137 

LYBLL,  MONO  COUNTY. 

Situated  14  miles  Hoiithcast  of  Soda  Springs,  at  end  of  Tiiolomne 
Meatlows.  In  shajye  very  irregular.  The  south  side  is  a  nearly  per- 
];)endieular  wall,  the  north  a  series  of  meadows  until  the  glacier  is 
reached;  the  east  and  west  sides  are  rather  steep.  The  highest  point 
is  a  short,  sharp  ridge,  about  200  yards  long,  running  northwest  and 
southeast,  the  northwest  end  being  lower.  Ascended  from  head  of 
Lyell  Fork  and  northeast  side  of  peak. 

Station  mark:  Small  stone  monument;  "U.  S.  G.  S. "  chiseled  on 
rock  east  of  it. 


wiiiBOir  R  AL.]  CENTRAL    CALIFORNIA. 

[Latitude  37    44'  23.22  .     Longitude  119    16'  15.15".] 
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To  station - 


Azimuth. 


BigShuteye 

Red 

darks  Peak 
Hoffman  — 

Conness 

Dana 

Silver 

Eaiaer .   ... 


17  46  48.27 
52  03  35.82 
71  03  13.41 
119  37  00.01 
170  10  57.54 
198  59  22.02 
323  29  17.71 
351  13  21.55 


Back  azimuth. 

I^og.  distance. 

0              i               II 

Meters. 

197  41  04.96 

4.6571504 

231  58  32.37 

4.1882294 

250  57  27.71 

4. 1654618 

299  28  12.89 

4.3836744 

350  09  07.63 

4.4088947 

14  01  13.38 

4.2637680 

143  38  27.25 

4.5704988 

171  16  30.07 

4.6987072 

RED,  MADERA  COUNTY. 

Ascended  from  camp  at  large  meadows  south  of  Merced  Peak,  on 
trail  from  Wawoiia  to  Soda  Springs  (or  "77"  corral),  five  lioura  by 
trail.  Could  camp  much  nearer  at  head  of  Illilouette  River  and  climb 
the  mountain  in  three  liours.  Approached  mountain  from  west, 
apparently  the  best  way.     Can  take  mules  to  within  2,000  feet  of  top. 

Station  mark:  A  bronze  triangulation  tablet  set  between  two  large 
rocks,  over  which  is  erected  a  cairn  of  rocks  5  feet  at  base,  7  feet  high. 

[Latitude  37   39  15.31.       Longitude  119^  24'  31.41  ".] 


To  station- 


Azimuth. 


"t 


BigShuteye '      2  48  05.05 

Devil 64  47  16.70 

Hoffman I  157  26  52.71 

Connees 192  33  26.59 

Lyell j  2in  58  32.37 

Silver 300  40  31.80 

Kaiaer    i  333  32  06.49 


Back  aziznath. 

182  47  24. 19 
244  35  09.78 
337  23  09.91 
12  36  41.02 
52  03  35.82 
120  54  43. 33 
153  40  16.75 


Log.  distance. 


Meters. 

4.5289143 
4. 5097490 
4. 3654986 
4.5515767 
4.1882294 
4.6010921 
4.6487389 


BIG   SHUTEYE,  MADERA   COUNTY. 

On  tlie  bare  granite  suiumit  of  Hig  Shuteye  Peak  (Chiquito  Peak), 
the  highest  point  on  Chiquito  Range,  at  southeast  end  of  the  ridge. 
Follow  trail  from  Jackass  Meadows  to  where  it  crosses  ridge,  then 
turn  to  south. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
granite,  above  which  is  erected  a  cairn  of  rocks  4  feet  base  and  4  feet 
high. 


212      FRDfABT  TBI  ANGULATION  AND  PRIMARY  TRAVERSE.    [buluUL 
[Latitude  37**  21'  (X).26 ".    Longitude  119'  25'  88.58".] 


To  station -> 


Deiril 
Bed.. 

Lyell 


Ajdmnth. 


125  58  10.71 
182  47  24.19 
197  41  04.96 


Silver 249  88  51.80 


Hilgmrd 

Kaieer 

^  Three  Sisters . 


268  29  47.16 
285  51  29.47 
805  14  15.24 


Back  aslmnth. 


305  41  47.10 

2  48  05.05 

17  46  48.27 

69  48  41.16 

88  51  40.06 

106  00  18.72 

125  27  35.80 


Loff.  difltanoe. 


Meien, 

4.5825187 

4.5889148 

4.6571504 

4.5842869 

4.7264787 

4.8498248 

4.6014788 


SILVER,  FRESNO  COUNTY. 

On  the  highest  peak  between  Fish  Creek  and  Mono  Creek,  at  head 
of  Silver  Creek.  Summit  is  flat,  running  north-northeast  and  south- 
southwest.  Highest  i)oint  is  at  southwest  end.  Can  camp  at  mead- 
ows below  Margaret  Lakes;  thence  it  is  three  and  one-half  hours*  travel 
to  station.  Can  take  mules  within  700  feet  of  summit  on  east.  There 
is  grass  and  water  for  one  night  within  1,200  feet  of  summit. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock,  on 
which  was  erected  a  cairn  of  rocks  5  feet  base  and  5  feet  high. 

[Latitude  37    28'  12.56".     Longitude  119    01'  14.54  ".1 


To  station - 


Three  Sisters. 

Kaiser 

BlgShuteye.. 

Red . 

Lyell 

Hilgard 


Azimuth. 

5  29  45.00 

36  48  49.60 

69  48  41.16 

120  54  43.38 

143  38  27. 25 

305  02  47. 29 


Back  aziznnth. 

185  28  18.92 
216  42  50.78 
249  33  51.80  j 
300  40  31.80  I 
323  29  17.71  ! 
125  09  52.52  ■ 


'Log.  diRtance. 


Meiers. 

4.5035462 
4.3855104 
4.5842369 
4.6010921 
4.570498;^ 
4.3230108 


KAISER,  FRESNO   COUNTY. 

Oil  a  bald  peak  at  tlie  head  of  Kaiser  and  Pittman  creeks.  It  is 
easil}'  Hscfouded  from  soiiili  side*.  There  are  numerous  lakes  and 
small  meadows  in  the  neighlK)rliood. 

Station  mark:  A  bronze  triangulation  tablet  set  in  loose  earth,  there 
being  no  solid  rock,  above  which  was  erected  a  cairn  of  rocks  5  feet 
base  and  5  feet  high. 


wii^Boir  w  AU]  CENTBAL   CALIFORNIA. 

[Latitnde  37^  17'  41.24".    Longitude  119*'  11'  05.57".] 
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To  station- 

Azimnth. 

Back  aKlmnth. 

Log.  distance. 

Big  Shnteye 

106  00  18.72 
153  40  16.75 
171  16  30.07 
216  42  50.78 
256  50  47.29 
237  01  21.12 
326  51  09.06 

285  51  29.47 
333  32  06.49 
351  13  21.55 
36  48  49.60 
77  03  50.04 
117  18  14.22 
146  55  40.62 

Meters. 
4.3493248 

Red 

4.6487389 

LyeU 

4.6987072 

Silver 

Hilgard... 

4.3855104 
4. 5135451 

Qoddard 

4.6669912 

Three  Sisters 

4.3067670 

HILOARD,  FRESNO   COUNTY. 

Ascended  peak  from  oamp  on  Bear  Creek;  five  and  one-half  hours' 
travel.  Could  camp  an  hour  closer  by  going  t^)  summit  of  ridge 
between  Bear  Creek  and  Mono  Creek.  This  mountain  is  best 
approached  along  the  ridge  l>etween  Bear  and  Mono  creeks,  finally 
dropping  down  into  northeast  fork  of  Bear  Creek  and  climbing  peak 
from  east.  On  summit  of  this  peak  are  three  small  high  points  of 
rock.     The  point  occupied  is  the  one  to  north,  or  (enter  one. 

Station  mark;  A  large  flat  rock,  on  which  is  set  a  bronze  triangu- 
lation  tablet  surmounted  by  a  cairn  of  rocks  .'}  feet  base  and  3  feet 
high. 

[Latitude  37"  21'  40.11".    Longitude  118"  49'  34.65  ".] 


To  station- 

Azimuth. 

Three  Sisters 

40  31  08.67 

Kaiser 

77  03  50.04 

Big  Shoteye 

88  51  40.06 

Silver 

125  09  52.52 

Gtoddard 

341  35  56.51 

Back  azimnth. 

Log.  distance. 

.    .     ., 

Meters. 

220  23  39.06 

4. 5049242 

256  50  47.29 

4.5135461 

268  29  47. 16 

4.7264787 

305  02  47.29 

4.3230108 

161  39  49.34 

4.4786204 

THREE   SISTERS,    FRESNO   COUNTY. 

On  the  south  end  of  summit  of  the  Three  Sisters.  Can  be  reached 
by  trail  between  Shaver  and  Blaney  Meadow  (or  Hot  Springs).  Leave 
trail  at  large  meadow  between  Red  Mountain  and  Potato  Hill,  trav- 
eling southeast.  At  foot  of  mountain  on  northeast  side  is  a  small 
meadow  with  running  water.  Animals  can  be  t^ken  nearl}^  to  sum- 
mit fi*om  south  to  soutlieast. 

Station  mark:  A  bronze  triangulation  tablet  set  in  loose  rock,  with 
a  cairn  of  rocks  built  over  it  3  feet  at  base  and  3  feet  high. 


214      FBIICABT  TBIANGUIiATION  AND  PRIMABY  TBAVBB8S*   tmauuUL 
[Laktade  8r  06' 8a59 '.    Longitude  119"  06' 88. W.] 


TostotkNi— 


BigShuteye 

yf|<fffir 

Snyar 

Hilgard 

Qoddard... 
BHUman  ... 
BigBaldy.. 


Astmnth. 


126  97  8S.80 
146  55  40.62 
ia5  28  18.02 
220  22  89.06 
277  50  59.58 
829  28  41.88 
842  58  88.44 


Back  Mdmnth. 


805  14  15.24 
826  51  09.06 
'  5  29  45.00 
40  81  08.67 
98  08  19.88 
149  41  47.00 
168  05  06.75 


Log. 


4.MM4728 
4.8067670 
4.5686462 
4.60492«8 
4.4864257 
4.8062708 
4.7868215 


OODDARD,  FRBSNO  COUNTY. 

Asoendecl  peak  by  ridge  running  from  the  southwest  up  from  camp 
on  south  fork  of  San  Joaquin,  at  pasture  H  miles  above  the  camp  of 
the  Mount  Goddard  Copper  Mining  Company.  Can  take  animals 
within  ly500  feet  of  summit.  The  south  end  of  the  mountain  was 
occupied,  although  the  north  end  is  slightly  higher.  The  south  end 
seems  to  be  the  recognized  summit  and  is  much  easier  of  access. 

Station  mark:  A  bronze  triangulation  tablet  set  in  loose  shale 
rock,  over  which  is  erected  a  cairn  of  i-ocks  4  feet  base  and  4  feet  high. 

[Latitude  37°  06'  13.85 ".    Longitude  US'*  43'  09.82 ".] 


To  station— 


Azimnth. 


BigBaldy 16  54  10.44 


Three  Sisters. 

Kaiser 

Hilgard 

Silliman 


98  03  19.88 
117  18  14.22 
161  39  49. 34 
357  42  48.51 


Back  azimuth. 


196  48  19.23 
277  50  59.53 
297  01  21.12 
341  35  56.51 
177  43  37.67 


Log.  distance. 


Metera. 

4.6987440 

4.4854257 

4.6669912 

4.4786204 

4.7076974 


SILLIMAN,  TULARE   COUNTY. 

Highest  point  in  group  on  west  end  of  ridge.  Best  reached  fi*om 
camp  at  Wet  Meadows;  cross  low  divide  east,  follow  up  creek  to  first 
lake,  then  climb  on  south  side  of  ridge.  Can  take  mules  to  top  of 
first  point ;  then  one  and  one-half  hours'  climb  to  summit.  Grood  camp 
at  Wet  Meadows,  from  which  it  is  four  hours'  climb  to  summit. 

Station  mark :  A  bronze  triangulation  tablet  set  in  solid  rock,  over 
which  is  a  cairn  of  rocks  6  feet  base  and  6  feet  high. 


WIL801I  BT  AU]  SOUTHERN   CALIFORNIA. 

[Latitude 36°  38'  39.71  .    Longitude  118^  41'  47.89'.] 
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To  station— 


Azimuth. 

Back  azimutli. 

100  48  39.50 
149  41  47.00 
177  43  37.67 

0           /            u 

280  42  01.26 
329  28  41.38 
357  42  48.51 

Mettr: 
4.2269529 
4.8062703 
4.7076974 

BigBaldy... 
Three  Sisters 
Goddard 


SPANISH,  FRESNO  COUNTY. 

Spanish  Mountain  can  be  easily  ascended  either  fi*om  Statum  or 
Collins  Meadows  by  riding  about  two  hours. 

Station  mark:  A  bronze  triangulation  tablet  set  in  top  of  granite 
rock,  over  which  is  erected  a  cairn  of  rocks  3  feet  base  and  3  feet  high. 

[Latitude  36^  54'  35.21 ".    Longitude  118"  53'  27.21 '.] 


To  stations- 

Azimnth. 

o               /                 // 

149  43  36.33 
215  17  45.76 

Back  azimuth. 

Log.  distauce. 

Three  Sisters .- 

O                 /                   il 

329  37  29.39 
35  23  57.36 

Meters. 

4.4747072 

Qoddard 

4. 4213575 

BIG  BALDY,  TULARE  COUNTY. 

Ascended  from  camp  at  Woodard's  cabin  by  trail.  Time  of  ascen- 
sion one  hour.  Top  of  mountain  is  a  bare  ridge  al>out  200  yards  long. 
Tops  of  trees  growing  on  the  side  of  hill  interfere  somewhat  with  view. 
South  end  of  hill  occupied. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock,  and  a 
4*ock  cairn  erected  over  it  7  feet  base  and  10  feet  high.  A  tree  about 
15  feet  high  placed  in  monument. 

[Latitude  36'  40'  21.81".     Longitude  118'  52'  54.94  '.] 


To  station — 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Three  Sisters 

16;^  05  03.75 
196  48  19.23 
280  42  01.26 

342  58  38.44 

16  54  10.44 

100  48  39.50 

Meter$. 
4. 7358215 

Qoddard 

4. 6987440 

SiUiman 

4.2269529 

SOUTHERN  CALIFORNIA. 
Triangulation  Stations. 

Triangulation  in  southern  California  was  extended  northward  and 
westward  from  Santa  Clara  and  San  Fernando  stations  of  the  United 
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Staten  0>a8t  and  Geocletir?  Survey  and  e^jnneeted  with  two  other  sta- 
tioniiof  the  Hame  organization — Gaviota  and  Tepunquet — all  based  on 
Yolo  liane  data.  Nine  new  primary  statiom^  were  occupied  and  7 
secondary  jMintif  located  by  intersections,  controlling  three  .^O-minute 
quadrangles  between  latitudes  M^  30'  and  35^  00'  and  longitudes 
118^^  30'  and  120^  00'. 

The  field  work  was  done  by  Mr.  C.  F.  Urqnhart,  topc^rapher,  dur- 
ing portions  of  May,  June,  Niivemlier,  and  December,  1900. 

LIEBRE,    LOS  ANGELES  COUNTY. 

On  the  highest  point  of  a  high,  round  mountain,  sometimes  known 
as  Sawmill  Mountain,  near  the  east  end  of  the  Liebre  Range.  The 
mountain  is  covered  with  brush  about  5  feet  high.  The  new  road  from 
Elizabeth  Lake  to  Gorman  station  passes  about  4  miles  north  from 
the  station  at  a  point  0  miles  from  former.  A  trail  leaves  the  road 
about  1  mile  west  from  Joe  Kirby^s  shack  and  goes  south  to  summit 
of  an  open  ridge,  from  which  signal  can  be  seen. 

Station  mark:  An  oak  tree  wired  up  and  used  as  signal. 

Reference  mark:  A  copper  bolt  marked  '*U.  S.  G.  S."  set  in  solid 

rock.     Azimuth  from  reference  mark  to  signal  tree  13°  42';  distance 

6  feet. 

[Latitude  34   40  53.35 ".    Longitude  118   34  38.63  .] 


To  Htation- 

Azimuth. 

3  13  38. 57 

67  27  48.01 

105  59  r>3.39 

72  59  13. 47 

Bark  azimuth. 

Log.  distance. 

San  Fernando     

18;^  12  49.60 
247  10  48. 77 
285  46  28. 84 
252  49  16.46 

Meters. 
4. 5938706 

Hlnea 

Frazier 

4.6952879 
4. 5723919 

Alamo 

4. 4457065 

SAN    FERNANDO,    LOS   ANGELES   COUNTY. 

A  station  of  tlu?  United  Statics  Coast  and  (4eodetic  Siirvej^  on  the 
liighest  or  western  crest  of  San  Fernando  Mountain,  about  5  miles 
from  the  long  tiiniud  of  the  Southern  Pacific  Railroad. 

Station  mark:  A  ieria-cotta  pipe  24  ])y  4  inches  tilled  with  concn»te 
and  set  in  a  triangle  of  (*oncrete. 

[Latitude  34    19  41.47  .     Longitude  118    3(V  05.08  .] 


To  station - 


Azimuth. 


Back  azimuth.  ;  Log.  distance. 


SantaClara       I     89  28  35.30 

Hines !  114  50  26.90 

Frazier .    145  43  47. 71 

LJebre 183  12  49.60 


209  13  45.80 

294  34  21.17 

325  31   15.76 

3  13  38.57 


Meters. 

4. 6056340 
4.6815183 
4.7772296 
4.5938706 


•AU] 
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ALAMO,  LOS  ANGELES  COUNTY. 

(Not  occupied.) 

A  high,  rocky  mountain  near  the  eastern  end  of  the  Alamo  Range, 
sometimes  known  as  Bowlder  Peak.  It  can  be  reached  by  trail  from 
the  Alamo  ranch  around  by  Mr.  Bailey's  ranch,  which  is  about  6  miles 
south  from  the  road  between  Elizabeth  Lake  and  Gorman  station,  at 
a  point  5  miles  from  the  latter. 

Station  mark:  A  small  tree  on  highest  point  of  the  mountain. 

[Latitude  34''  36'  27.04".    Longitude  US'"  52'  05.92 ". J 


To  8tation— 

Azimnth. 

Back  azimnth. 

Log.  distance. 

Riifita  CHfirA 

26  38  24. 17 
153  16  34.07 
252  49  16.46 
321  33  54.87 

206  32  35.20 

338  13  12.39 

72  59  13.47 

141  42  58.66 

Meters. 
4.5460392 

FrATr^Ar 

4.3146687 

liebre 

4. 4457065 

Sun  'B'eTiiftPcIo 

4. 5967546 

FRAZIER,  VENTURA  COUNTY. 

On  the  highest  point  of  a  mountain  locally  known  as  Frazier  Moun- 
tain, in  the  northeastern  corner  of  Ventura  County,  about  2  miles 
from  the  Los  Angeles  County  line.  The  wagon  road  from  Goiman 
station  to  Bakersfleld  passes  about  4  miles  from  the  station,  at  a  point 
4  miles  from  the  former.  There  is  a  good  trail  from  Gorman  station 
to  Frazier  mine,  which  is  near  the  triangulation  station.  Another 
trail  from  Cuddy's  ranch  to  Frazier  mine  passes  100  yards  north  from 
station. 

Station  mark:  A  lone  pine  tree  100  feet  north  from  the  summit  of 
the  mountain. 

[Latitude  34"  46  25.21  .    Longitude  118^  58  10.93  ".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Hines 

o              /                   // 

18  24  44. 23 
60  50  55.17 
103  13  38.72 
285  46  28.84 
325  31  15.76 
333  13  12.39 

0               /                   /' 

198  21  06.61 
240  40  15. 20 
283  06  51.20 
105  59  53.39 
145  43  47.71 
153  16  34.07 

Meters. 
4. 4902268 

Reyes 

4.5157054 

Pine 

Liebre..  .  

4.2706034 
4. 5723919 

San  Fernando 

4.7772296 

Alamo 

4.3146687 

SANTA  CLARA,  VENTURA  COUNTY. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey,  on  the 
highest  part  of  the  mountain  on  the  south  side  of  Santa  Clara  River^ 
about  2  miles  in  an  air  line  from  the  town  ot  Santa  P«v\3\«i.. 
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Station  mark:  A  terra-ootta pipe  24  by  4  inches  filled  with  concrete 
and  set  in  a  triangle  of  concrete. 

[Latitude  84**  19^  ^8.69".    Lougitode  lir  08'  22.57".] 


Toitetkm- 

AsUnnth. 

BMk  asimnth. 

Loff.difltoiiee. 

Hinas 

o          /            // 

170  44  82.86 
209  18  45.80 

o          /            /' 

850  48  18.21 
89  28  85.86 

4.8181190 

Smi  Fernando ^ 

4.6066840 

HINBS,  VENTURA  COUNTY. 

On  the  highest  point  of  a  mountain  locally  known  as  Hines  Peak, 
near  the  source  of  Santa  Paula  Creek  and  on  the  divide  between 
Santa  Paula  and  Sespe  creeks.  The  point  is  rather  difficult  to  reach, 
though  there  is  a  trail  up  Santa  Paula  Creek  to  foot  of  mountain.  It 
may  be  reached  from  the  Hot  Springs  on  Sespe  Creek.  The  summit 
is  cleared  of  brush. 

Station  mark:  A  bunch  of  brush  about  7  feet  high  wired  together 
and  used  as  a  signal. 

Reference  mark:  A  copper  bolt  marked 
8.83  feet  southwest  from  signal  and  station  mark 


IT  G  " 

X'  A  G    set  in  solid  rock 

It.      O. 


[Latitude 84"  30'  38.01".    Longitude  119''  04'  38.77".] 


To  station- 


Reyes 

Pine 

Frazier 

Liebre 

San  Fernando 
Santa  Clara.. 


Azimuth. 

Baok  azimuth. 

o            /              // 

125  15  00.85 

o                f                   ff 

305  08  00.24 

165  55  35.48 

345  52  27.04 

198  21  06.61 

18  24  44.23 

247  10  48.77 

67  27  48.01 

294  34  21.17 

114  50  26.99 

350  43  18.21 

170  44  32.36 

Log.  distance. 

Meter9. 

4.8640299 

4.5894977 

4.4902268 

4.6952879 

4.6815183 

4.8181190 


PINE,  VENTURA   COUNTY. 

On  the  highest  point  on  western  end  of  Pino  Mountain,  more  gen- 
erally known  as  San  Amedia  Mountain,  wliieli  is  the  hijj:liest  point  in 
the  county.  There  is  an  old  signal,  useil  by  the  Wheeler  survey,  on 
the  east  end  of  mountain  about  1  mile  from  the  station.  There  is  a 
good  trail  from  Mr.  Cuddy's  ranch  to  summit. 

Station  mark:  A  copper  bolt  marked     p'^^'    set  in  loose  rock, 


above  wliich  is  a  flat  rock  marked 


'U.^S." 
G.'^'S. 


WILSON  STAi.]  SOUTHERN   CALIFOBNIA. 

[Latitude  34"  48'  48.09".    Longitude  lir  10'  05.12".] 
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To  station— 


Aeyes 

Santa  Ynez 
San  Rafael. 
McPheraon. 

Frazier 

Hines 


Azimuth. 

Log.  diatanoe. 

O             1                    II 

O              /                    II 

Meters. 

27  16  08.13 

207  12  14.63 

4.3577728 

67  04  40.56 

246  37  00.28 

4.9075345 

79  18  24.52 

268  56  17.86 

4.7800219 

98  18  30.47 

277  51  22.50 

4.7754341 

28:^  06  51.20  •  103  13  38.72 

4.2706034 

345  52  27.04 

165  55*35.48 

4.5394977 

REYES,  VENTURA  COUNTY. 

On  the  highest  point  of  the  divide  between  Sespe  Creek  and  Cuyama 
River,  about.  8  miles  northwest  from  Rafael  Reyes's  residence.  A 
wagon  road  down  Cuyama  River  goes  to  Mr.  Reyes's  residence,  thence 
go  by  good  trail  to  station.  Another  hill  100  yards  north  has  timber 
on  it  and  a  line  was  cut  through  it  in  line  with  Pine  station. 

Station  mark:  A  lone  fir  tree  used  as  a  signal. 

<<  TJ  g  " 

Reference  mark:  A  copper  bolt  marked  (i'^«'  set  in  a  large 
rock  4.5  feet  soutli  from  signal  tree. 

[Latitude  34^^  37'  45.47  ".    Longitude  119^  16'  55.01  ".5 


To  station- 


Santa  Ynez  . 
San  Rafael.. 
JUcPherson  . 

Pine 

Frazier 

Hines 


Azimuth. 

Back  azimuth. 

Log.  distance. 

0       , 

0 

Meters. 

79  59  25. 73 

259  35  41.90 

4.8127423 

100  28  41.94 

280  10  31.52 

4.6955497 

120  35  27.28 

300  17  16.07 

4.7517482 

207  12  14.63 

27  16  08. 13 

4.8577728 

240  40  15.20 

60  50  55. 17 

4.5157054 

305  08  00. 24 

125  15  00.85 

4.3640299 

MONTECITO,  SANTA  BARBARA  COUNTY. 

(Not  occupied.) 

The  highest  point  in  ran^e  of  mountains,  about  15  miles  northeast 
from  Santa  Barbara  and  12  miles  west  from  Nonloff. 
Station  mark:  A  small  tree  on  summit  of  mountain. 

[Latitude  34   32  10.09  .    Lon^tude  119^  28'  02.44".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

SantaYnez 

0       /         // 
88  28  44.70 
221  57  31.18 
239  07  20.27 

0      /        // 
268  11  26.42 
42  07  44.09 

Meters. 
4  6719106 

Pine 

A  ftt9.9!aT9. 

Beyes 

i    5%  \^  %*ft  ^\        ^  ^$d<»Sk\^S^ 

\ 
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CUYAMA,  VENTURA   COUNTY. 

(Not  occupied.) 

A  prominent  mountain  on  the  south  side  of  the  Cuyama  River,  about 
10  miles  below  Rafael  Reyes's  ranch. 
Station  mark:  Highest  point  of  mountain.     . 

[Latitude  34"  45'  09.39' .    Lon^tude  1 19"  28'  33.68  ".] 


To  station— 

Azimuth. 

Back  azimuth. 

Lof?.  distance. 

McPherson 

O                1                    II 

115  53  33.34 
256  45  41.17 
307  30  51.89 

295  42  03.73 

76  56  13.56 

127  37  29.51 

Meters. 

4.5352838 

Pine 

4. 4615707 

Reyes 

4.3509242 

CALIENTE,  SANTA  BARBARA   COUNTY. 

(Not  occupied.) 

About  8  miles  northwest  from  the  Cuyama  ranch,  on  the  highest 
point  of  the  white,  barren  mountains,  on  the  north  side  of  the  Cuy- 
ama River. 

Station  mark:  Highest  point  of  mountain. 

[Latitude  35^  02'  05.42  .     Longitude  119   45  38.11".] 


To  station— 

Azimuth. 

McPherson 

16  29  20.  48 
294  22  31.13 
315  38  33.94 

Pine 

Reyes 

Back  azimuth.      Log  distance. 


196  27  31.05 
114  42  52.23 
135  54  53.05 


Meters. 

4.2326250 
4. 7746474 
4.7977730 


M'PHERSON,    SANTA   BARBARA    COUNTY. 

About  14  miles  from  the  Cuyama  ranch,  on  a  hi<2:h  round  mountain 
covered  with  brush  about  4  feet  high.  A  road  goes  from  this  ranch 
to  Bart  McPherson's  house,  from  which  thoi-e  is  a  trail  to  foot  of 
mountain.  A  long  ridge  leads  to  summit,  which  may  be  ascended  on 
horseback.  Station  caliod  *'Peak,"  distant  2J  miles  a  little  north  of 
east,  is  about  50  feet  higher. 

Station  mark :  The  oak  signal  tree. 

Reference  nuirk:  A  copper  bolt  marked     (^'^'c'     ^^^  ^^^  loose  rock, 

with  a  rock  marked  *'U.  +S."  placed  over  it.  ,  Azimuth  from  signal 
tree  to  reference  mark  280"'  41';  distance  1).5  leet. 
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ToaUtion  — 


Azimuth. 


Back  azimath. 


SanRafael j      0  12  48.02 

Santa  Ynez |    20  43  12.35 

Tepnsqnet ....'■    94  05  47.00 

Pine ■  277  51  22.50 

Reyes.- |  300  17  16.07 


180  13  46.38 
200  37  33.66 
273  52  58.05 
98  18  30.47 
120  35  27.28 


Lof;.  tHwtjmoe. 


Meten. 

4.2947312 

4.6822557 

4.5341310 

4.7754841 

4. 7517483 


SAN  RAFAEL,  SANTA  BARBARA  COUNTY. 

On  the  northernmoHt  of  two  rather  flat  luouiitaiiis,  the  highest  of 
the  San  Rafael  Range.  The  point  is  rather  difficult  to  reach.  The 
best  route  is  probably  up  Santa  Cruz  C'reek  from  Santa  Ynez  Valley. 

Station  mark:  A  bronze  triangulation  tablet  set  in  loose  rock  ^^ith 


a  rock  marked 
feet  high. 


*'U.  .  S.", 


G.^S. 


above  it,  sunnounted  by  a  rock  monument  7 
(Latitude  34    42  34. 06  .     Longitude  119    48'  51. 97  '.] 


To  station - 


Azimuth. 


Back  azimuth. 


I 


Santa  Ynez    ...I    36  30  39.53 

Tepusquet i  123  03  08.37 

McPherson I  180  12  46.38 

Pine :  258  56  17.86 


216  25  03.23 

302  50  22. 77 

0  12  48. 03 

79  18  24.52 


Reyes .   '  280  10  31.52  |  100  28  41.94 


I 


Log.  distance. 


Meters. 
4.4044042 
4.6087544 
4. 2947312 
4. 7800219 
4.6955497 


M'KINLEV,  SANTA    BARBARA   COUNTY. 

(Not  occupied.) 

A  sharp,  rocky  peak,  sometimes  called  McKinl(\v  Mountain.  It  can 
be  reached  from  Los  Olivos,  from  which  point  it  shows  as  the  highest 
IX)int  of  the  San  liafju^l  Mountains. 

Station  mark:  Highest  point  of  mountain. 

[Latitude  34^  42  03.28  '.     Longitude  119    50'  44.5S  ".] 


To  Htation 


Azimuth. 


Back  azimuth.  ,  L<>k-  distance. 


r 


I 


SantaYnez 32  09  03.51 

Gaviota '    55  37  39.82 

Tepusquet ■  126  31  04.31 

McPherBon 188  04  46.00 


212  04  27.73 

235  25  34.91 

306  19  23.07 

8  05  51.91 


Meters. 

4.3612394 
4.5946496 
4.5889200 
4.81948a& 
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PEAK,  SANTA  BARBARA  COUNTY. 

(Not  occnpied.) 

This  |M>int  is  2f  miles  a  little  north  of  west  of  primary  station 
McPherson,  and  is  the  highest  point  on  the  range.  It  can  be  reached 
by  traveling  up  the  ridge  westward  from  McPherson. 

Station  mark:  Highest  point  of  mountain. 

[Latitude  84"  54'  02.22".    Longitade  llO**  51'  33.00 '.] 


To  station- 


Aximnth. 


Back  aadmnth. 


Log.  distance. 


Santa  Tnez 
Tepusqnet 
M«Ffaer8on 
San  Rafael 


14  48  03.03 

91  47  18.72 

280  46  42.42 

349  03  42.49 


194  43  56.49 
271  36  08.44 
109  48  14.50 
169  05  14.41 


Meien. 
4.68S7473 
4.4787468 
8.6458659 
4.8848919 


SANTA  YNEZ,  SANTA   BARBARA   C^OUNTY. 

On  the  highest  point  of  the  Santa  Ynez  Range.  It  can  be  reached 
from  the  Santa  Ynez  Valley  or  the  coast  via  new  road  from  Los  Olivos 
to  Santa  Barbara.  From  the  valley  on  north  side  of  mountains,  go 
from  Los  Olivos  or  Santa  Ynez  to  Mahoney's  ranch,  thence  by  road 
to  the  toj)  of  divide,  thence  east  along  the  ridge  5  miles  to  station. 

Station  mark:  A  rock  2  by  4  feet,  found  in  place,  with  a  hole  2| 
inches  deep  drilled  in  it. 

[Latitude  34"  31'  31.79' .     Longitude  119^  58'  43.93 '.] 


To  Btation— 

Azimuth. 

Back  azimuth. 

Log.distaDce. 

Gkiviota --       - 

9          1              II 

82  11  19.18 
155  53  58.83 
200  37  33. 66 
216  25  03.23 
246  37  00. 23 
259  35  41.90 

202  03  49.90 
335  40  52. 14 
20  43  12.35 
36  30  39.52 
07  04  40.56 
79  59  25.73 

OUNTY. 

Meiers, 
4.3100387 

Tepusqnet  . 
McPherson. 

4.6681901 

4.6322557 

SanRafael        

4. 4044042 

Pine     --      

4.9075345 

Reyes 

• 

4.8127423 

^  ZACA, 

SANTA 

(Note 

BARBARA   C 
occupied.) 

A  point  locally  well  known  as  Zaca  Peak,  about  10  miles  ea«t  of 
north  from  Los  Olivos. 
Station  mark:  A  small  tree  on  summit. 


WIL0OWKAI.]  SOUTHERN    CALIFORNIA, 
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To  station— 

Azlmath. 

Back  aximath. 

Log.  distance. 

Tepnaquet  - 

136  40  59.81 
235  06  26.76 
288  08  24.34 
351  09  07.80 

316  35  23.85 

55  13  39.49 

108  15  34.46 

171  10  41.27 

Meters. 
4.8364840 

McPhenon 

4.3702877 

San  Rafael 

4.3056366 

Santa  Tnez 

4.4320598 

TEPUSQUET,  SANTA  BARBARA   COUNTY. 

A  station  of  the  United  States  Coast  and  Geo<letie  Survey  on  the 
highest  peak  of  the  Tepusquet  Range.  It  can  be  reached  from  Grood- 
child's  ranch  in  the  Conyado  Valley. 

Station  mark:  A  liole  drilled  in  solid  rock. 

[Latitude  34*^  54  30.98  '.     Longitude  120    11'  13.14.  ] 


To  station- 


Oayiota 

Gaviota  (hy  C.  &  G.  S.) . 


Azimuth. 


Back  azimuth.     Log.  distance. 


1  24  42. 75 
1  24  39.76 


McPherson ...;  273  52  58.05 


San  Bafael. 
Santa  Ynez 


302  50  22. 77 
335  46  52. 14 


181  24  17.54 
181  24  14.86 
94  05  47.00 
12^5  03  08. 37 
155  53  58. 8:^ 


Meter*, 

4.6561948 
4.6561948 
4.5341810 
4.6087544 
4.6681901 


GAVIOTA,  SANTA    BARBARA  COUNTY. 

A  station  of  the  United  States  Coast  and  Gecxletic  Survey  on  one 
of  the  highest  i)eak8  to  the  eastward  of  Gaviota  Pass.  The  peak  is 
best  reached  through  the  canyon  extending  toward  tlie  eastwai-d 
from  the  pass  at  a  distance  of  about  1  mile  from  the  wharf.  The 
highest  peaks  in  the  vicinity  (between  150  and  300  feet  higher)  are 
situated  1^  mileij  to  tlie  eastward. 

Station  mark :  A  cop^wr  bolt  set  in  concrete,  above  wliicli  a  hollow 
cement  pier  is  erected. 

[Latitude  34   ;m  01.01  .     LoDgitmle  120^  11'  56.89".l 

(By  Coast  and  Geodetic    Survey,  Yolo   base  data.     Latitndo  34    30'  00.83 '. 
Longitude  120    11'  56.89.") 


To  Htatiou- 


I 


Azimuth. 


Tepusquet I  181  24  17.54 

Tepusquet   (by  Coast   and   Geodetic  ; 
Survey) .,  181  24  14.86 

Santa  Ynez I  262  03  49.90 

I 


Back  azimuth. 


Log.  distance. 


1  24  42. 45 
1  24  39.76 


Meters. 

4.6561948 


\ ' 


4.6561948 
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ALASKA  (NOME  DISTRICT). 
Triangulation  Stations. 

The  following  geographic  positions  are  dependent  on  the  positions 
of  Grave  and  Round  triangulation  stations,  as  furnished  by  the 
United  States  Coast  and  Geodetic  Survey. 

The  field  work  was  done  by  Mr.  R.  B.  Robertson,  with  a  SaegmuUer 
4-inch  vernier  theodolite  reading  to  30",  under  the  direction  of  Mr. 
E.  C.  Barnard,  topographer. 

Average  closure  error  of  triangles,  11". 

ROCKY. 

On  highest  point  of  a  rocky  peak  about  7  miles  N.  73°  W.  from 
Chinik.  There  is  no  trail  to  station,  but  it  can  be  reached  by  going 
in  a  straight  line  from  Chinik.  There  is  good  grass  and  water  on 
west  side  about  H  miles  distant. 

Station  mark :  +  cut  in  solid  rock,  over  which  is  a  small  pile  of  rock. 

[Latitude  64   34'  24.84  .     Longitude  162°  48'  10.84  ".] 


To  station— 

Azimnth. 

Back  azimuth. 

Loff.  distance. 

,           n 

Q                 1                   II 

MeitTB. 

Roupd 

12  46  14.4 

192  43  22.4 

4.06137 

Town 

73  43  30.5 

253  31  42.9 

4.08657 

Lime 

121  47  26.3 

301  16  49.3 

4.50053 

Grave 

45  35  47. 9 

225  23  55. 6 

4. 17143 

ROUND. 

A  station  of  the  Coast  and  Geodetic  Survey  on  a  rounded  x>oint, 
about  1  mile  north  of  the  island  on  which  the  astronomic  station  was 
situated.     It  is  about  1,000  feet  from  the  edge  of  the  bluff. 

Station  mark :  A  cross  cut  in  the  center  of  top  of  a  rock  flush  with 
surface  of  jrrouiul. 

[Latitude  64'  28'  22.10  .     Longitude  162^  51'  21.38  '.] 


To  HUtioii— 

Azimuth. 

Back  azimuth. 

Ix>g.  distance. 

Boot 

o                   /                   // 

86  39  02. 9 

95  58  35. 1 

135  58  30.0 

192  43  22.4 

266  22  28. 0 

275  49  30.9 

315  49  35. 6 

12  46  14.4 

Afe<cr». 
4. 16917 

Grave 

3.90852 

Town             - .                  

4.05584 

Rocky 

4.06137 

NATUR 

(Not  c 

AL    ROCK. 
ccui)ied.) 

A  prominent  rock  on  ridge  between  Golofnin  Bay  and  Quinnehuk 
River. 


WILBOW  BT  AU]  ALASKA. 

[Latitude  64'  45  25.75' .    Longitude  162'  51'  40.00".] 
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To  station— 

Azimuth. 

Back  azimuth. 

Lotf.  distance. 

Town 

Rocky... 

18  0139 

352  15  06 

197  53  00 
172  18  15 

Meters. 
4.39338 
4.31504 

TOWN. 


On  sand  spit  at  entrance  to  inner  Golofnin  Bay. 

Station  mark :  Cross  cut  on  large  stone  flush  with  surface  of  ground. 

[Latitude  64^  32  45.81  .    Longitude  163"  01'  14.42 '.] 


To  station - 

Azimuth. 

Grave 

• 

1  02  53.9 

Boot 

36  56  29.9 

Lime                          

139  56  55. 1 

Rocky       

253  31  42.9 

Round ....  -  -  -  -  

315  49  35.6 

Back  azimuth.     Log.  distance. 


181  02  44.8 
216  48  50.0 
319  38  06.5 
73  43  30.5 
135  58  30.9 


Meters. 
3.86542 

4.05432 
4.40989 
4.03657 
4.05584 


GRAVE. 

A  Station  of  the  Coast  and  Geodetic  Survey  on  a  high,  grassy 
point  about  300  meters  from  the  end  of  a  rocky  point  on  the  west  sicfe 
of  the  bay  (Golofnin).     There  are  several  Eskimo  graves  near  by. 

Station  mark:  A  cross  cut  in  center  of  top  of  a  large  stone  set  flush 
with  surface  of  ground. 

[Latitude  04   28  48.99  .     Longitude  168°  01  24.47 ".] 


To  station- 


Azimuth. 


Town 1810244.8 

Rocky 225  23  55.6 

Round i    275  49  30.9 


Back  azimuth. 

1  02  53.9 
45  35  47.9 
95  58  35. 1 


hog.  distance. 


Meters. 
3.86542 
4. 17143 
3.90852 


BOOT. 

On  highest  part  of  ridge,  about  7  miles  S.  37°  W.  from  Chinik. 
This  ridge  forms  a  narrow  neck  of  land  between  Bering  Sea  and 
Golofnin  Sound.  It  can  be  easily  reached  from  any  side  on  foot  or 
with  animals.  There  is  plenty  of  wat^r  and  some  wood  on  the  Golof- 
nin side,  and  probably  on  other  sides.     There  is  a  natural  pile  of  rock 

Bull.  181—01 15 
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about  100  yaids  east  of  station.    This  is  also  a  trianicalation  station 
of  the  United  States  CkMSt  and  Geodetic  Survey. 
Station  mark:  A  rock  monnment. 

[Lstitade  64*  37  58.11".    Longitude  168'  09'  48.96' .] 


T6stetloii- 

Astamth. 

Bmck  mjtimnth. 

Log.  dtstance. 

Monument 

Llmf^ 

•         in 

134  07  51.5 
161  10  15.9 
316  48  50.0 
266  23  28.0 

o           .           n 

808  89  15.6 

840  59  08.1 

86  56  39.9 

86  89  03.9 

Meters. 
4.48456 
4.48186 

Town .  — - 

4.05182 

Bonnd 

4. 16917 

LIME. 

On  a  white  hill  about  ^  miles  N.  IS""  £.  of  a  white  hill  near  Fish 
River^  known  as  White  Mountain,  and  about  the  same  distance  from 
the  town  of  White  Mountain.  The  station  is  on  the  third  white  hill, 
counting  from  White  Mountain  north.  There  is  little  choice  of  a 
route  to  the  station  from  White  Mountain,  but  it  is  probably  best  to 
go  via  White  Mountain  and  thence  from  one  white  hill  to  the  other 
until  station  is  reached.  Wood  and  water  are  in  abundance  about 
one-half  mile  east  of  station. 

Station  mark:  "  U.  4-  S."  ou  rock,  over  which  is  a  spruce  tree  about 
15  feet  higli. 

[Latitude  ^'  43  19.55  .    Longitade  1^   32  03.26  .] 


To  station— 

Azimath. 

Back  azimath. 

Log.  distance. 

o          . 

c            , 

Meters. 

Monnment 

i      52  59  57.6 

232  42  27.9 

4.28622 

Solomon 

80  25  55.1 

259  46  11.9 

4.55163 

Council 

123  11  55.0 

302  49  05.0 

4.37768 

Bockj 

301  16  49.3 

121  47  26.3 

4.50053 

Boot 

340  59  OS.l 

161  10  15.9 

4.48186 

Town 

319  88  06.5 

139  .56  55. 1 

4.45989 

WHITE   MOUNTAIN. 

(Not  occupied.) 

A  low  limestone  hill  about  200  feet  above  sea  level  on  north  bank 
of  Fish  River,  one-fourth  mile  below  town  of  White  Mountain. 


WILSON  ET  AL.]  ALASKA. 

[Latitnde  64^  40'  41.1  K.    Longitude  163^  23'  25.04^] 
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To  station— 

' 

Azimuth. 

Back  azimath. 

Log.  distance. 

Town 

«       /       // 
309  35  47 
335  12  39 

129  55  49 
155  25  01 

Meters. 

4.36198 

Boot  ., 

4.41790 

MONUMENT. 

On  highest  x>oint  of  ridge  which  runs  north  and  east  from  Bluff 
City  (Topkok),  and  about  4  miles  N.  34°  E.  therefrom.  A  trail  runs 
close  to  signal,  coming  from  the  south.  It  is  easily  accessible  fi*om 
Bluff  City.  There  is  good  grass  in  the  draws  and  water  about  2  miles 
north  of  station. 

Station  mark :  A  roc^k  monument  about  1>  feet  high. 

[Latitnde  64^  37  02.65  .     Longitnde  163"  41  24.56  .] 


To  station— 

Azimuth. 

Bat'k  azimuth. 

Log  diHtanoe. 

o            /           // 

1 

Metem. 

Solomon  . . 

. 

....      105  53  38.2 

285  31  15.7  1 

4.31164 

Council . . . 

...        169  19  13.2 

349  13  54. 1 

4.39978 

Lime 

....      232  42  27.0 

52  59  57.6 

4.28622 

Boot 

....      303  39  15.6 

124  07  51.5 

4.48456 

CHOWIK. 

(N 

ot  occupied.) 

A  sharp  peak  about  3,5CK>  feet  above  sea  level,  at  head  of  Xeuku- 
luk  River,  Ophir  Creek,  and  Parantulik  River. 

[Approximate  i)osition:  Latitude  65   08'  34".     Longitude  163   45'  30  '.] 


To  station - 


Azimuth. 


Back  azimuth. 


Rocky 
Town. 


324  02  16 
331  54  24 


144  54  08 
152  34  29 


Log.  distance. 


Meters. 
4.89170 
4.87628 


COUNCIL. 

A  round,  rocky  point  about  G  miles  S.  42°  W.  of  Council,  being  the 
nearest  mountain  south  of  Council. 

Station  mark:  A  rock  marked  *'U.  A  S.,"  above  which  is  a  rock 
monument  7  feet  high,  with  a  pine  tree  in  the  top. 
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[Latitude  64^  50'  19.20".    Longitude  168°  47'  17.57".] 


To  station- 

Azimuth. 

Log.  distance. 

Solomon 

Lime 

Monnment 

38  18  07.7 
302  49  05.0 
349  18  54. 1 

217  56  08.8 
128  11  55.0 
169  19  13.2 

MeUra. 
4.88542 
4.87768 
4. 39978 

TOPKOK. 

(Not  occupied.) 

On  promontory  by  that  name — a  United  States  Coast  and  G^eodetic 
Survey  station. 

[Latitude  64°  83'  25.57".    Longitude  168^  57'  58.22."] 


To  station 

- 

Azixnnth. 

Back  azimuth. 

Log.  distance. 

Solomon — 

Monument    . ..... ..... 

151  46  10 
242  48  81 
284  35  16 

881  88  86 

63  08  24 

105  18  44 

Meten. 
4.14420 
4.16949 

Boot 

4.60103 

SOI 

.OMON. 

A  high  ridge,  sometimes  called  Thomson  Mountain,  between  the 
Right  Branch  and  Big  Hurrah  Creek,  both  tributaries  of  Solomon 
River,  and  about  12  miles  northeast  of  the  mouth  of  Solomon  River, 
but  not  visible  therefrom.  Ridge  has  three  round  points  about  the 
same  height,  the  station  being  on  th^  one  which  shows  to  be  in  the 
middle  from  nearly  all  directions.  The  point  farthest  west  has  two 
little  natural  humps  on  top.  Station  can  be  reached  by  going  up 
Solomon  River  about  8  miles  and  thence  across  country  a  little  north  of 
east  8  or  9  miles.  It  is  possible  that  it  can  be  more  easily  reached 
from  the  mouth  of  Topkok  River. 

Station  mark:  '*  U.  A  S."  cut  on  rock  in  place,  over  which  is  a  rock 
monument  about  8  feet  high. 

[Latitude  64'  40'  Ol.sr.     Longitude  164^  06  10.18'.] 


To  station - 


Council  ... 
Monument 
Topkok  ... 
Lime  .   ... 


Azimath. 


217  56  03.3 
285  31  15. 7 
331  38  26.0 
259  46  11.9 


Back  azimath.     Log.  distance. 


38  13  07.7 
105  53  38.2 
151  46  10.0 

80  25  55. 1 


Meter8. 
4.38542 
4.31164 
4. 14420 
4. 55163 
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Lit<'hliel«l  station.    New   York.  deM-ription 

and  jM)sition  of 

LittU'  Mountain  station.  I'tah.  iMi>iiio!i  (»f.. 

Littleton.  S.  ("..  i>osition  of 

Lockhart  .Innction,  S.  ('..  position  of 

IxH'k w<kk1.  Mo.,  jKJsition  <)f 

Lfxli  and  Wooster  branch.  Baltimore  and 

Ohio  Railroad,  position^^  alonir 
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ECONOMIC  GEOLOGY  OF  THE  SILVERTON  QUAD- 
RANGLE, COLORADO. 


Bv  V.  [..  Ransome. 


PART  I.  GENERAL  DESCRIPTION  AND  DISCUSSION  OF  THE  ORE  DEPOSITS. 

INTRODUCTION  AND  ACKNOWLEDGMENTS. 

The  field  work  upon  which  this  report  is  based  occupied  the  seasou 
of  1899  from  the  l)e^niiingof  July  to  the  middle  of  October.  During 
that  summer  nearly  ail  of  the  area  was  examined  and  most  of  the 
mines  and  prospects  were  visited. 

The  work  was  resumed  in  tlie  autumn  of  1900,  with  Mr.  Alfred  M. 
Rock  as  assistant,  a  period  of  six  weeks  in  August,  September,  and 
Octol)er  being  devoted  to  those  portions  of  the  quadrangle  that  had 
not  been  thoroughly  studied  in  the  preceding  j'ear  and  to  an  investi- 
gation of  such  mining  ilevelopments  as  had  Ix^en  effected  during  the 
winter. 

It  was  at  one  time  IioihmI  that  the  repoili  of  Mr.  Whitumn  Cross,  of 
this  Survey,  on  the  general  geology  of  the  Silverton  qujulrangle,  form- 
ing tlie  Silverton  folio  of  the  Geologic  Atlas  of  the  United  States, 
might  be  published  in  advance  of  this  investigation  of  the  economic 
i-esoui-ces  of  the  district,  but  owing  to  various  causes  his  field  work  is 
not  yet  linished.  I  am  therefore  unable  to  use  or  to  cite  his  results 
in  their  entirety,  or  to  re])roduce  his  geological  map  as  an  adjunct  to 
this  i-eport.  This  is  to  be  regretted,  as  both  a  thoroughly  siitisfactory 
treatnu^ni  and  a  proper  understanding  of  the  ovq  deposits  require  a 
knowled.m*  of  the  g(»ologieal  relationships  of  the  rocks  in  which  they 
lie.  This  want  has  heen  ])artly  supplied  by  a  brief  preliminary 
sketch  of  the  ir<'<)logy,  kindly  furnished  by  Mr.  Cross.  This  is  neces- 
sarily an  impel  feel  outline,  to  be  later  replaced  by  his  final  results. 
To  3Ir.  Ci'o.vs  I  owe,  also,  the  privilege  of  publishing  a  preliminary 
geological  map  ( IMs.  IV,  \' )  of  a  portion  of  the  area.  This  map  is  based 
upon  field  work  done  by  hiuiself  and  liis  assistants.     The  geological 
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boundaries  shown  are  not  final  and  will  undoubtedly  be  somewhat 
changed  when  the  field  work  in  this  region  is  completed. 

To  Mr.  S.  F.  Emmons,  geologist  in  charge  of  the  investigation  of 
metalliferous  deposits,  my  thanks  are  due  for  various  helpful  sugges- 
tions and  criticisms  and  for  access  to  his  unpublished  notes  on  the 
Yankee  Girl  and  Guston  mines. 

The  descriptions  of  the  abandoned  mines  of  the  Red  Mountain  dis- 
trict would  be  far  more  imperfect  than  they  are  were  it  not  for  much 
information  courteously  supplied  by  Mr.  Bedford  McNeill,  of  London, 
liquidator  of  the  New  Guston  Company;  Mr.  T.  E.  Schwarz,  of  Den- 
ver, and  Mr.  Otto  J.  Schulz,  of  St.  Louis,  trustee  of  the  Q^nesee- 
Vanderbilt  mines. 

To  the  mining  men  of  the  I'egion  I  am  indebted  for  much  cordial 
assistance  and  for  courtesies  which  have  many  times  been  recalled 
with  pleasure. 

GEOGRAPHICAL  POSITION. 

The  Silverton  quadrangle,  embracing  one-sixteenth  of  a  square 
degree  of  the  earth's  surface,  lies  between  the  meridians  107°  30'  and 
107°  45'  west  longitude  and  the  parallels  37°  45'  and  38°  00'  north  lati- 
tude. On  the  west  it  adjoins  the  Telluride  quadrangle  and  on  the 
south  the  Needle  Mountain  quadrangle.  Its  area  is  approximately 
235.3  square  miles.  It  lies  in  southwestern  Colorado,  in  the  highest 
and  most  rugged  portion  of  the  San  Juan  Mountains,  including  a 
part  of  the  continental  divide.  There  are  comprised  within  its  bound- 
aries tlio  headwaters  of  the  Animas  River  and  portions  of  the  head- 
waters of  the  Rio  (Trande,  Gunnison,  ITncoinpahgre,  and  San  Miguel 
rivers.  The  principal  settlement  is  Silverton,  a  town  of  about  900 
inhabitants.  The  position  of  the  Silverton  quadrangle  with  reference 
to  the  adjacent  map  units  of  the  Geological  Survey  is  shown  in  the 
index  map,  PI.  II. 

LITERATURE. 

The  pu])lish(Hl  literature  relating  to  that  portion  of  the  San  Juan 
Mountains  included  within  the  Silverton  quadrangle  is  not  voluminous. 
It  is  chiefly  comprised  in  the  of!ieial  reports  of  the  members  of  the 
Ilayden  survey,  who  visited  the  region  in  JS74,  1S75,  rUid  1S70;  in 
descriptive  notes  of  various  travelers  through  the  San  Juan;  in  scat- 
tered descriptions  of  mines  and  minerals  oecurrinjr  in  the  district, 
and  in  references  to  the  history  of  mininju:  d<»velopment  found  in  the 
more  general  works  on  (.olorado  and  its  n'sources.  Tlie  following 
bibliography  includes  most  of  the  important  publications  concerning 
the  Silverton  r(»gion.  The  data  contained  in  them  have  been  freely 
used  in  the  preparation  of  the  following  historical  sketch,  for  the 
purpose  of  supplementing  information  obtained  at  first  hand  from 
those  who  actually  participated  in  the  development  of  the  district. 
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HISTORICAL  SKETCH. 

Deeply  covered  with  snow  for  a  great  part  of  the  year,  and  stand- 
ing remote  from  lines  of  transportation  and  points  of  supply,  it  is  not 
surprising  that  the  rugged  San  Juan  Mountains  should,  until  a  com- 
paratively late  period,  have  discouraged  the  advance  of  prospectors 
into  their  lonely  ravines.  Prior  to  1860  the  area  now  included  in  the 
Silverton  quadrangle  had  been  visited  by  but  few  white  men,  and  at 
a  time  when  every  gulch  of  the  Sierra  Nevada  was  a  scene  of  pictur- 
esque activity  the  Indian  and  the  mountain  sheep  were  as  yet  undis- 
turbed in  their  possession  »f  the  San  Juan.  But  no  natural  obstacles 
have  ever  long  withstood  the  restlessness  and  indomitable  persever- 
ance of  the  seekers  after  precious  metals.  In  1860  (according  to  some, 
1861)  a  large  party  of  miners,  under  the  leadership  of  John  Baker,^ 
penetrated  to  the  little  mountain-rimmed  **park"  where  the  town  of 
Silverton  now  stands.  They  had  hoped  to  find  profitable  gulch  min- 
ing, but,  overtaken  by  the  heavy  winter  snows  and  harassed  by  the 
Ute  Indians,  many  of  the  party  perished  miserably  and  tlie  remnant 
escaped  over  the  mountains  only  after  suffering  great  hardships.  For 
several  years  the  memoiy  of  this  unfortunate  expedition  seems  to  have 
discouraged  further  attempts  at  prospecting  in  the  neighborhood  of 
Bakers  Park.  It  was  not  until  the  early  seventies  that  reports  of  min- 
eral wealtli  again  began  to  draw  the  more  adventurous  miners  into  the 
San  Juan  region.  Some  gold  was  early  obtained  by  washing  in  Arras- 
tra  Gulch,  and  this  led,  in  1870,  to  the  discovery  by  a  party  of  pros- 
pectors sent  out  by  Governor  Pile,  of  New  Mexico,  of  the  first  mine 
which  was  successfully  operated,  the  Little  Giant,  on  the  north  side 
of  Arrastra  Gulch. ^  This  produced  a  gold  ore,  of  which  some  27  tons 
were  treated  in  arrastres,  yielding  1150  a  ton.  The  first  shipment  of 
ore  from  the  district  is  said  to  have  been  from  this  mine.  In  1872 
troops  w(*re  sent  into  the  region  to  keep  out  the  minera,  as  their  pres- 
ence constituted  a  violation  of  the  treaty  of  1808,  by  which  the  Utes 
were  secured  in  sole  possession.  In  the  same  year  a  commission  was 
appointed  hy  Congress  to  negotiate  a  new  treaty  with  the  Indians  to 
reduce  tlie  extent  of  their  reservation.  The  Little  Giant  Company 
was  organized  in  Chicago  in  1872,  and  in  1873  the  arrastres  were 
replaced  by  an  anialganiating  mill  equipped  with  a  Dodge  crusher,  a 
ball  pulveiizer,  and  five  stamps.  Power  was  furnished  by  a  12-horse- 
power  (Mi^ine.  Tlie  mill  was  built  1,000  feet  below  the  mine  and  the 
ore  was  brought  down  on  the  fii"st  wire-rope  tramway  built  in  the 
region.  This  yeai*  the  mine  produced  about  $12,000  out  of  a  total  of 
about  ^15, 1)00  loi"  the  entire  region.     The  pay  shoot,  however,  began 


*  Accounts  differ  as  to  the  Christian  name  of  this  pioneer.  Thus  Bancroft  (History  of  Nevada, 
Colorado,  and  Wyomin^^,  San  Francisco,  1H90,  p.  495)  refers  to  him  as  John  Baker:  T.  A.  Rlckard, 
in  his  pap«>r  on  Tlie  Devol()i)ment  of  Colorado's  Mining  Industry  (Trans.  Am.  Inst.  Mln.  Eng., 
Vol.  XX VI,  IxiWt).  ifives  his  name  an. /ha  Baker;  while  Frank  Hall,  in  his  History  of  Colorado, 
makes  him  Chmh's  Baker. 

2  According  t<>  Rickard,  opened  by  Miles  T.  Johnson  in  1871. 
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to  diminish,  and  after  the  milling  of  a  few  hundred  tons  of  ore  mine 
and  mill  were  abandoned.  Several  lode.,  had  by  this  time  been  opened 
in  the  region  and  some  small  amounts  of  rich  ore  had  been  taken  out, 
but  it  was  not  until  1874  that  the  main  rush  to  the  country  began.  In 
September  of  the  previous  year  a  treaty,  known  as  the  Brunot  ti'eaty, 
had  been  drawn  up  with  the  Utes,  whereby  the  San  Juan  Mountains 
were  thrown  open  to  settlement.  The  ratification  of  this  treaty  by 
the  Senate  in  April,  1874,  was  followed  by  a  sudden  influx  of  miners, 
chiefly  from  the  northern  camps  of  Colorado,  but  including  also  a  few 
from  the  south,  and  some  even  from  the  far  West.  It  is  estimated 
that  about  2,000  men  came  into  the  district  during  the  summer  of  1874, 
and  Endlich  *  reports  that  more  than  this  number  of  lodes  were  then 
staked  out.^  At  that  time  La  Plata,  Hinsdale,  and  Rio  Grande  were 
the  only  counties  into  which  the  former  reservation  had  been  divided. 
The  chief  settlement  and  the  county  seat  of  La  Plata  County  was 
Howardsville ;  but  in  the  autumn  of  1874  the  county  seat  was  moved 
to  Silverton,  then  a  growing  town  of  some  dozen  houses,  admirably 
situated  in  Bakers  Park.  The  nearest  post-office  at  this  time  was  Del 
Norte,  about  125  miles  distant.  In  1876  San  Juan  County  was  formed 
from  a  portion  of  La  Plata  County,  with  Silverton  as  the  county  seat. 
At  this  time  the  town  is  said  to  have  had  a  population  of  about  500 
voters.  Ouray,  San  Miguel,  and  Dolores  counties  were  subsequently 
formed  by  legislative  enactment  from  the  territory  originally  included 
in  La  Plata  County. 

In  1874  real  mining  began,  principally  on  llazellon  Mountaiu,  and 
several  hundred  tons  of  gray  copper  and  galena  ore  were  taken  out 
from  the  Aspen,  Prospector,  Susquehanna,  and  neighboring  claims 
during  this  and  the  immediately  succeeding  years.  This  ore  was 
treated  chiefly  in  Greene  &  Co's.  smelter,  which  was  erected  just 
north  of  Silverton  in  1874,  but  which  was  not  successfully  blown  in 
until  the  following  year.  The  machinery  was  brought  in  on  burros 
from  Colorado  Springs,  then  the  terminus  of  the  Denver  and  Rio 
Grande  Railroad.  The  product  of  the  entire  quadrangle  for  1875  was 
about  $35,000,  and  an  estimate  made  in  1877  places  the  total  product 
from  the  beginning  of  mining  to  the  close  of  187G  at  a  little  over 
$1,000,000.  The  Greene  smelter  was  in  intermittent  operation  until 
1879,  and  was  the  first  successful  water-jacket  furnace  in  the  State. 
Its  daily  capacity  was  about  12  tons,  and  it  is  said  to  have  smelted 
nearly  $400,000  worth  of  silver-lead  bullion.  The  bullion  was  shipped 
by  pack  train  and  wagon  to  Pueblo.  Tlie  cost  of  transporting  it  to 
the  railway  terminus  was  $00  per  ton  in  l.S7(;,  $50  per  ton  in  1877,  and 
$40  per  ton  in  1878.  Tlie  average  price  for  treatment  was  not  far 
from  $100  per  ton.  During  the  seventies  the  chief  route  into  the 
Animas  mining  district  was  by  the  trail  from  Del  Norte  on  the  Rio 


»U.  S.  Geol.  and  Geog.  Surv.  Terr.,  Report  for  1876,  pp.  1^0-121. 

«  According  to  Bancroft,  "more  than  l,UOO  lodes  claimed."    Loc.  cit.,  p.  5<J1. 
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Grande,  by  way  of  Antelope  Park  and  Cunningham  Gulch.  Over  this 
route  the  first  ore  sold  from  the  Pride  of  the  West  mine,  in  Cunning- 
ham Gulch,  was  taken  out  in  1874.  It  was  not  until  1879  that  the 
wagon  road  from  Antelope  Park  was  completed  by  way  of  Stony 
Gulch,  and  ore  could  be  hauled  out  to  Del  Norte  by  teams  at  $30  a 
ton. 

The  founding  of  Lake  City,  about  the  year  1875,  and  the  establish- 
ment there  by  Crooke  Sd  Co.  of  a  smelting  plant,  afforded  a  market  for 
the  ores  of  the  northeastern  portion  of  the  quadrangle.  The  first  ore 
shipped  out  from  this  part  of  the  district  was  from  the  Mountain 
Queen  mine,  at  the  head  of  California  Gulch,  in  1877.  It  amounted 
to  370  tons,  and  contained  64  per  cent  of  lead  and  30  ounces  of  silver 
per  ton.  It  was  carried  by  pack  animals  to  the  end  of  the  road  at 
Rose's  cabin,  at  a  cost  of  $3  per  ton.  Crooke  &  Co.,  of  Lake  City,  and 
Mather  Sd  Geist,  of  Pueblo,  both  had  ore-bujing  agencies  in  Silverton 
in  1879.  During  this  year  about  500  tons  of  ore,  worth  about  $60,000, 
were  sent  to  the  Lake  City  smelter,  and  about  185  tons  went  to  Pueblo. 
The  value  of  the  latter  was  probably  about  $25,000. 

In  1879  a  road  was  completed  from  Silverton  up  Cement  Creek  to 
the  head  of  Poughkeepsie  Gulch,  where  prospecting  and  mining  was 
going  on  with  great  activity  on  the  Old  Lout,  Alabama,  Poughkeep- 
sie, Red  Roger,  Saxon,  Alaska,  Bonanza,  and  other  claims.  Chlori- 
nation  and  lixiviation  works  were  erected  at  Gladstone  about  this 
time,  to  treat  these  oi'es  by  the  Augustin  process.  Their  capacity 
was  about  6  tons  per  day. 

During  the  seventies  the  eastern  and  northeastern  portions  of  the 
quadrangle  were  actively  prospected,  and  nearly  every  lode  which  has 
subsequently  proved  valuable  was  then  located.  In  some  cases  pay- 
ing ore  was  taken  out  in  large  quantities,  as  from  the  North  Star  mine 
on  Sultan  Mountain  and  others  already  referred  to.  But  this  activity 
was  in  great  part  feverish  and  unwholesome.  The  success  of  a  few 
encouraged  extravagance  in  the  incompetent,  and  opened  a  rich  field 
to  unscrupulous  and  dishonest  promoters.  Smelting  plants  and  mills 
were  erected  before  the  presence  of  ore  was  ascertained.  Reduction 
processes  were  installed  without  any  pains  having  been  taken  to 
ascertain  their  api)licability  to  the  particular  ores  to  be  treated.  Thus 
in  1876  Animas  Forks  was  a  lively  town  of  some  30  houses  and  2 
mills,  and  iji  188*3  boasted  of  a  population  of  450.  But  there  was 
never  any  real  justification  for  its  existence.  Built  upon  hopes  never 
realized,  its  decline  was  almost  as  rapid  as  its  rise,  and  the  town  is 
now  ruined  and  desolate.  Its  principal  mill  was  put  up  in  1875  or 
1876  to  treat  ore  from  the  Red  Cloud  mine,  but  was  never  successful. 
The  Eclipse  smelter,  erected  by  James  Cherry  as  late  as  1880,  at  the 
mouth  of  Grouse  Gulch,  ostensibly  to  run  on  lead  ores  from  the 
Mountain  Queen  and  other  claims,  was  also  a  costly  failure.  The 
Bonanza  tunnel,  a  mile  and  a  half  west  of  the  to'wxv,  ^^v&  xxscdl  \,5^Wvi 
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feet  at  the  extravagant  cost  of  $300,000  or  $400,000,  and  then  aban- 
doned. Around  Mineral  Point  probably  $2,000,000  or  $3,000,000  were 
squandered  in  mining  operations  which  resulted  in  no  permanent 
improvements  or  actual  development.  Numei'ous  similar  wises  might 
be  cited  from  this  region,  many  of  them  unfortunately  of  mucli  more 
recent  date.  Capital  thus  invest-ed  serves  only  to  build  monuments 
of  failure,  folly,  and  dishonesty,  which  may  operate  to  delay  for  years 
such  development  and  improvement  as  the  mineral  resources  of  a 
district  really  warrant. 

In  1881  the  remarkable  deposits  between  Red  Mountain  and  Iron- 
ton  were  discovered,  and  in  1882  and  1883  prospectore  s wanned  into 
this  new  field.  The  Yankee  Girl  ore  body  was  stnick  in  1882,  and, 
with  the  Guston,  shipped  large  quantities  of  high-grade  silver  oi*e  for 
over  fourteen  yeai's.  These  two  mines  alone  have  probably  produced 
at  least  $6,000,000  or  $7,000,000,  but  a  very  large  amount  of  capital 
has  been  vainly  expended  in  attempts  to  find  other  ore  bodies  in  the 
vicinity  equally  large  and  nch.  Nowhere  else  in  the  quadrangle  has 
mining  been  carried  on  so  extensively.  In  1888  the  railroad  was 
extended  from  Silverton  to  Ironton,  greatly  facilitating  the  marketing 
of  the  ore.  Red  Mountain  and  Ironton  were  formerly  thriving  min- 
ing towns  of  400  or  500  inhabitants,  and  the  activity  steadily  increased 
almost  up  to  1893,  when  the  fall  in  the  value  of  silver  and  the  ex- 
haustion of  the  phenomenally  rich  portions  of  the  ore  bodies  caused 
the  boom  to  collapse.  The  Yankee  Girl  and  Guston  mines  continued 
working  until  189G,  but  the  low  price  of  silver  and  the  increased 
expense  involved  in  deep  workings  and  in  handling  the  troublesome 
corrosive  waters  of  tlu^se  mines,  together  with  the  lower  grade  of  the 
ores  in  depth,  finally  couix)elled  them  too  to  shut  down.  From  that 
time  to  the  present  Red  Mountain  and  Ironton  have  remained  prac- 
tically dead  camps. 

Previous  to  the  advent  of  the  railroad  in  Silverton,  ores  running  less 
than  *10()  per  ton  could  seldom  be  handled  with  profit,  but  with  the 
completion  of  the  Silverton  brancli  of  the  Denver  and  Rio  Grande 
narrow-gauge  railroad  in  July,  1882,  the  rate  of  transportation  on  low- 
grade  ores  was  much  r(»duced,  and  many  mines  hitherto  unavailable 
l)ecame  productive.  Freight  charges,  at  first  SI  6  per  ton  to  Denver 
or  Pueblo,  were  soon  dropped  to  !fl2,  at  wliieh  high  figure  the}^  stood 
for  SOUK*  time.  Over  0,000  tons  of  ore  were  shipped  from  Silverton 
during  tlie  first  six  mcmths  after  tli(*  a(lv(Mit  of  the  railroad.  The 
Greene  smelter  liad  some  years  previously  (a])oiit  isso)  vouw  into  the 
possession  of  the  New  York  and  San  Juan  Smelting  Company,  which  in 
1S81  moved  the  Silverton  plant  to  r)uran«ro  and  in  ISS-J  started  the 
present  smelter  in  that  town.  In  SeptcMnher,  1SS7,  the  name  was 
changed  to  the  Durango  Smelting  Coini)any,  which  operated  until 
April  1,  1888.  From  that  date  until  May  1,  181)5,  business  was  carried 
on  under  tlw  nnme  of  the  San  Juan  Smelting  and  ]\lining  Company,  a 
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corporation  orji^anized  through  the  consolidation  of  the  Durango  Smelt- 
ing Company  of  Durango,  and  the  Hazelton  Mountain  Mining  Com- 
pany, of  Silverton,  ownere  of  the  Aspen  group  of  mines.  The  Martha 
Rose  smelter,  with  a  capacity  of  about  20  tons,  began  operations  in 
Silverton  in  1882,  but  aft^r  smelting  about  11  tons  of  bullion  shut 
down  and  was  never  successfully  reopened. 

The  year  1883  was  a  busy  one  in  Silverton,  and  the  population  of 
the  town  rose  to  over  1,500  inhabitants.  Sampling  works  had  pre- 
viously been  erected  by  E.  T.  Sweet  and  T.  B.  Comstock  &  Co.  Late 
in  the  season  a  third  plant  was  opened  by  Stoiber  Brothers.  The  North 
Star  on  Sultan,  the  Belcher,  Aspen,  Gray  Eagle,  North  Star  on  Solo- 
mon, the  Green  Mountain,  as  well  as  the  Red  Mountain  mines,  were 
all  actively  producing,  while  great  strikes  Avere  announced  in  the  Ben 
Franklin  and  Sampson  mines.  The  Silver  Lake  mine  also  came  into 
prominence  and  shipped  that  year  72  tons  of  ore  to  Sweet's  sampling 
works. 

It  was  not  until  about  1890  that  any  real  attempt  was  made  to  con- 
centrate low-grade  ores.  The  credit  of  thus  initiating  a  procedure 
upon  which  largely  depends  the  future  of  the  whole  district  must  be 
divided  oetween  J.  IL  Terry,  of  the  Sunnyside  mine,  and  E.  G.  Stoi- 
ber, of  the  Silver  Lake  mine.  Both  men  liave  been  successful,  and 
Mr.  Stoiber  in  particular  has  shown  how  low-grade  veins  may  be 
worked  successfully  on  a  large  scale  with  a  modern  plant.  About  this 
time  the  North  Star  mine,  <m  Sultan  Mountain,  put  up  the  present  mill, 
run  by  water  power,  and  in  1894  Thomas  Walsh  and  others  erected 
the  matte  smelter  just  west  of  Silverton.  Walsh  treated  by  the  Aus- 
tin process  the  lower-grade  Guston  ore,  and  bought  siliceous  ores 
wherever  he  could  obtain  them.  This  smelter  ran  pretty  steadily  for 
thre(»  years  and  finally  shut  down.  Its  capacity  was  about  100  tons 
of  ore  a  day  for  leu  months  in  the  year.  In  all,  about  100,000  tons  of 
low-grade  siliceous  and  pyritiferous  ores  were  treated.  There  was  no 
further  a ttimipt  made  to  smelt  ores  in  Silverton  until  the  construction 
in  lOuO  of  the  pyritic  smelter,  near  the  mouth  of  Cement  Creek.  The 
smelter  at  Durango,  which  wjis  leased  in  1895  by  the  Omaha  and 
Grant  Company,  and  which  on  May  1,  1899,  became  the  property  of 
the  Anunican  Smelting  and  Refining  Company,  has  continued  to  han- 
dle the  bulk  of  the  on*  and  concentrates  from  the  Silverton  region. 

With  a  few  notable  excei)tions  the  mines  of  the  Silverton  quadrangle 
produce  ores  in  which  silver  and  lead  are  the  predominant  metals. 
Naturally  tlie  rapid  dc^cline  in  the  value  of  silver  in  1892  and  succeed- 
ing years  resulted  in  the  closing  of  many  mines  hitherto  productive, 
and  in  a  general  (hnjrease  of  mining  activity.  At  the  present  time, 
however,  there  an*  signs  of  a  favorable  reaction  and  a  marked  increase 
of  activity.  The  success  of  Messi-s.  Stoiber  and  Terry  in  handling 
low-graxh*  ores  has  demonstrated  that  wlien  wasteful  and  inadequate 
methods  are  replaced  by  modern  appliances  and  shrewd  management, 
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mines  carrying  abundant  low-grade  ore  may  be  made  profitable,  even 
with  the  present  low  price  of  silver.  I^robably,  as  in  the  past,  periods 
of  depression  will  sometimes  retard  mining  improvements.  Yet  it  is 
clear  that  the  resources  of  the  district  have  been  far  too  often  super- 
ficially, ignorantly,  or  wastefully  exploited.  Although  examples  of 
extravagance  are  still  not  hard  to  find,  there  is  now  a  more  gen- 
eral realization  of  the  distinction  between  such  wasteful  expenditure 
and  the  legitimate  and  often  lai^e  outlay  that  makes  possible  the 
economical  working  of  known  low-grade  ore  bodies.  It  is  very  prob- 
able that  the  future  will  see  a  great  and  permanent  increase  in  the 
productive  development  of  such  large  and  persistent  ore  bodies  of  low 
average  grade.  The  decline  in  the  price  of  silver,  and  also  in  that  of 
lead  and  copper,  which  are  important  constituents  of  most  of  the  ores, 
has  greatly  reduced  the  margin  of  profit  and  rendered  economical 
working  imperative,  as  is  illustrated  in  the  following  table: 

Table  showing  the  average  annual  prices  of  silvery  lead,  and  copper,  from  1880  to 

1899. 


Tear. 

Silver, 
per  fine 
oanoe. 

Lead, 
per  100 
pounds. 

Copper. 

per 
pound.a 

1880 

$1,145 

1.138 

1.186 

1.110 

1.113 

1.065 

.905 

.978 

.940 

$6.08 
4.81 
4.91 
4.33 
3.74 
3.94 

$0,216 
.188 
.185 
.150 
.139 
IK) 

1881 

1882 

1888 

1884 

1885 

1886 

4.61            .110 

1887 

4.50            .113 

1888 

^41              irts 

1889 

.936  '         3.81  1          A'M 

Year. 


1890. 
1891. 
1802. 
1893.. 

1894.. 
1895. 
1896. 
1897. 
1898. 
1899. 


SUver, 
per  fine 
ounce. 

Lead, 
per  100 
IMunds. 

Copper, 

per 
poand.a 

$1,050 

$4.35 

$0.U6 

.988 

4.38 

.128 

.874 

4.07 

.116 

.779 

4.10 

.108 

.634 

3. -38 

.004 

.658 
.674 
.608 

.588  , 
.001  I 


3.24 
2.97 
3.60 
3. 75 
4.44 


.107 
.100 
.115 
.110 
.177 


fi  Lake  8ui)erior  ingot. 

The  prices  of  silver  ai*e  taken  from  the  annual  reports  of  the 
Director  of  the  Mint.  The  lead  and  copper  values  are  compiled  from 
tables  showing  monthly  prices  and  monthly  range  in  the  rex>orts  on 
mineral  resources  issued  as  parts  of  the  annual  reports  of  the  Geolog- 
ical Survey. 

Although  the  first  mine  to  be  worked  in  the  district  was  a  gold  pro- 
ducer, yet  it  is  an  interesting  fact  that  foi'  many  years  prospecting 
was  practically  restricted  to  a  search  for  silvtM*  and  lead  ores.  It  was 
apparently  owing  to  this  adherence  to  an  established  routine  that  the 
Una  and  Gertrude  claims  in  Imogene  Basin,  worked  twenty  years  ago 
for  silver  and  lead,  were  subsequently  abandoned,  with  no  knowledge 
of  the  remarkable  gold  ore  which  lay  close  alongside  the  argentiferous 
streak,  and  which  was  thrown  out  as  waste.  Masses  of  this  rich  ore 
were  discovered  by  Thomas  F.  Walsh  on  the  Camp  Bird  claim,  and 
subsequently  on  the  dump  of  the  old  workings  of  th(*  Tna  and  Grer- 
trude,  and  he  purchased  the  latter  in  1806  for  $10,000.     It  is  to-day 
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one  of  the  greatest  producing  mines  in  the  quadrangle,  and  certainly 
excels  all  others  in  the  average  richness  and  regularity  of  its  ore  bodies. 
Placer  mining  has  never  been  extensively  practiced  within  the 
Silverton  quadrangle.  In  former  years  a  little  washing  was  done  on 
the  east  side  of  California  Mountain,  in  Picayune  Gulch,  and  in 
Arrastra  Gulch,  but  there  are  no  extensive  deposits  of  auriferous 
gravels  in  the  district,  and  the  total  output  from  placer  mining  is 
probably  insignificant. 

PRODUCTION. 

Accurate  figures  from  which  the  total  production  of  the  Silverton 
quadrangle  might  be  computed  are  not  available.  The  area  com- 
prises portions  of  several  counties,  and  has  shipped  ore  to  various 
smelters.  An  attempt  to  ascertain  and  combine  the  products  of  the 
individual  mines  within  the  quadrangle  has  been  only  partially  suc- 
cessful. In  the  case  of  some  abandoned  mines  no  records  can  be 
found,  and  in  two  instances  requests  to  the  owners  of  active  mines 
for  confidential  statements  of  total  output  have  met  with  no  satisfac- 
tory response;  but  by  combining  actual  figures  with  individual  esti- 
mates it  appears  that  the  total  production  of  the  Silverton  quadrangle 
from  the  beginning  of  mining  activity  to  the  close  of  1900  has  been  at 
least  I35,0(X),000.  The  greater  part  of  this  has  undoubtedly  been  in 
silver,  but  during  recent  years,  largely  owing  to  the  activity  of  the 
Camp  Bird,  Tomboy,  and  Gold  King  mines,  and  to  the  lower  price  of 
silver,  the  value  of  the  gold  output  has  predominated. 

CLIMATE. 

The  climate  of  the  Silverton  quadrangle  is,  in  general,  somewhat 
rigorous.  Meteorological  records  are  lacking  for  this  elevated  region, 
and  no  accurate  data  can  be  given  in  regard  to  temperature  and  pre- 
cipitation. The  winters  are  long,  the  snowfall  is  heavy,  and  the  tem- 
po i-ature  sometimes  falls  to  20°  to  30°  below  zero.  The  first  heavy 
snow  usually  arrives  late  in  October,  but  heavy  falls  are  not  unknown 
in  Sei)tember.  This  early  storm  may  be  followed  by  fine  weather, 
lasting  well  into  December.  In  midwinter  snowshoes  afford  the  only 
means  of  communication  over  most  of  the  higher  roads  and  trails. 
Snowslides  are  frequent  and  dangerous,  and  a  winter  seldom  passes 
without  loss  of  life  and  property  from  this  cause.  It  is  often  late  in 
June  before  the  snow  has  disappeared  from  the  higher  trails;  and  on 
northern  slopes,  sheltered  from  the  sun,  patches  frequently  linger 
until  long  after  midsummer.  The  period  extending  from  the  begin- 
ning of  July  to  the  middle  of  August  is  referred  to  by  the  inhabitants 
as  the  "  rainy  season."  During  this  period  in  normal  years  showers 
are  of  almost  daily  occurrence,  usually  coming  up  early  in  the  after- 
noon and  lasting  for  an  hour  or  more.  It  is  during  this  season  that 
the  wild  flowers  in  the  upland  basins,  notably  many  species  of  gentians 
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and  a  magnifloent  lilao-oolored  columbine  {AquUegia  ccerulea)  attain 
the  height  of  their  luxuriant  beauty.  The  temperature  at  this  time 
iB  changeable.  The  transformation  from  balmy  air,  genial  sunshine, 
and  humming  insects  to  cold  winds,  darlc  clouds,  and  chilling  raina 
is  by  no  means  uncommon,  and  may  take  place  in  an  hour.  The 
month  of  September  is  usually  delightful.  The  rainy  season  haa 
passed,  and  towiud  the  end  of  this  month  the  aspens  assume  their 
yellow  and  orange  autumnal  coloring,  enlivening  and  softening  for  a 
brief  period  a  landscape  in  which  bleak  grandeur  is  the  rather  too 
dominant  element. 

VBGBTATION. 

Most  of  the  slopes,  up  to  a  timber  line  varying  from  11,000  to  11,500 
feet,  are  covered  with  flrs,  spruces,  and  aspens,  the  last  flourishing 
particularly  on  the  southern  exposures  and  on  the  talus  slopes. 
Although  unsuitable  for  good  sawn  lumber,  the  flrs  and  spruces  fur- 
nish round  timber  of  sufficient  size  and  strength  for  ordinary  timber- 
ing in  the  mines.  The  basins,  being  mostly  above  11,500  feet,  are 
treeless,  but  are  covered  in  summer  with  a  luxuriant  growth  of  grass 
and  flowers. 

TOPOGRAPHY. 

For  more  complete  accounts  of  the  topography  of  the  region  the 
reader  is  referred  to  the  general  geological  text  of  the  forthcoming  Sil- 
verton  folio.  The  present  sketch  is  confined  to  such  considerations 
of  topographic  form  as  are  necessary'  to  enable  the  reader  to  fuUy 
understand  the  modes  of  occurrence  of  the  ore  bodies  and  the  condi- 
tions governing  their  exploitation. 

The  lowest  point  within  the  quadrangle  is  found  on  its  northern 
edge  in  the  canyon  of  the  Uncompahgre,  where  the  contours  (PI.  IV) 
show  an  elevation  of  somewhat  over  8,100  feet.  The  highest  point  is 
Handles  Peak,  on  the  extreme  eastern  edge  of  the  area,  with  an  alti- 
tude of  14,008  feet.  Between  these  extremes  the  region  exhibits  such 
abrupt  and  frequent  variations  in  relief  as  to  constitute  a  topography 
of  the  most  rugged  character.  This  assemblage  of  sharp  peaks,  jagged 
ridges,  steep- walled  basins,  and  deep  canyons  is  the  result  of  vigorous 
erosion,  acting  for  the  most  part  on  nearly  horizontal  volcanic  rocks. 
The  present  drainage  system  is  apparently  irregular  or  autogenous — 
that  is,  uncontrolled  to  any  recognizable  degree  by  regular  structure 
in  the  rbcks — and  was  undoubtedly  established  in  essentially  its  pres- 
ent form  prior  to  the  epoch  of  glaeiation.  Of  the  character  of  the 
initial  land  surface,  upon  which  the  present  streams  bogan  their  work, 
we  know  very  little.  We  may  assume,  with  some  degree  of  probability, 
that  it  was  the  surface  of  a  broad,  dome-like  elevation  extending 
beyond  the  bounds  of  the  quadrangle,  which,  after  its  original  struc- 
tural doming,  had  been  reduced  by  erosion  to  an  irregular  plateau 
near  the  end  of  the  Cretaceous.     This  was  buried  to  a  depth  of  several 
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thousand  feet  by  volcanic  accumulations  in  Tertiary  times,  and  haa 
been  complicated  by  faulting  and  minor  oscillations.  No  recognized 
trace  of  this  surface  remains.  The  topography,  as  we  know  it  to-day,, 
is  the  product  of  stream  erosion,  modified  by  glaciation  and  the  power- 
ful disintegrating  action  of  frost  at  these  high  altitudes.  It  is  essen- 
tial in  all  discussions  relative  to  the  lodes  to  keep  in  mind  the  fact 
that  the  entire  topography  is  due  to  erosion,  and  that  the  highest 
peaks  are  but  residuals  which  owe  their  relative  height  to  the  resistant 
materials  of  which  they  are  composed,  or  to  their  distance  from  the 
main  streams,  but  in  no  sense  to  direct  and  local  elevations. 

With  the  exception  of  Bakers  Park,  Ironton  Park,  and  perhaps  the- 
gently  sloping  bit  of  upland  at  the  head  of  Henson  Creek,  commonly 
known  as  American  Flats,  no  considerable  ai'eas  of  approximately 
level  land  occur  within  the  quadrangle.  The  mountains  rise  in  steep 
slopes,  or  in  inaccessible  cliffs,  often  from  3,000  to  4,000  feet  in  height 
from  the  bottoms  of  the  main  canyons.  The  smaller  streams  descend 
these  precipitous  declivities  in  successions  of  waterfalls,  or  occupy 
small  ravines  or  gulches  of  high  gradient,  such  as  Niagara  Gulch  near 
Eureka,  Porcupine  Gulch,  or  the  gulches  northwest  of  Howardsville. 
The  larger  tributaries  have  frequently  excavated  long  canyons  of 
moderate  gradient,  such  as  Cunningham  and  Poughkeepsie  gulches^ 
but  in  these  there  is  nearly  always  a  point  near  the  headwaters  where 
a  moderate  gradient  is  succeeded  by  a  much  steeper  one.  Most  of  the 
streams,  large  and  small,  head  in  cirques,  or  "lasins^as  they  are 
locally  termed,  which  often  contain  one  or  more  lakelets.  These 
basins  form  a  very  characteristic  feature  of  the  topography,  and  their 
general  shape  and  character  are  admirably  illustrated  by  the  amphi- 
theaters just  north  of  Sultan  and  Bear  peaks  (PI.  V). 

The  rock  floors  of  these  basins,  oft,en  of  somewhat  hummocky  char- 
acter, generally  slope  upward  on  three  sides  and  pass  beneath  the 
talus  or  "'  slide  rock,"  with  which  they  are  always  partly  filled.  Above 
the  talus  and  inclosing  the  basin  on  three  sides  are  usually  more  or 
less  precipitous  cliffs,  from  which  have  fallen  the  fragments  making  up 
the  talus  at  their  base.  As  may  be  seen  from  the  maps,  these  cliffs 
are  merely  the  sides  of  narrow  ridges,  sunnounted  by  peaks  and  inter- 
sected hy  cols  or  saddles  which  separate  adjacent  basins.  The  talus 
frequently  extends  up  to  a  saddle,  and  it  is  then  possible  to  pass  from 
one  basin  to  another  over  the  divide.  At  their  lower  end&  the  basins 
are  usually  terminated  by  a  precipitous  descent  to  a  gulch  or  to  a 
second  basin  at  the  lower  level.  This  relation  is  well  shown  in  the 
case  of  Silver  Lake  Basin  and  Arrastra  Gulch.  When  the  connecting 
gulch  is  ver}'  short  and  steep,  as  Niagara  Gulch,  the  basins  have  the 
form  of  hanging  valleys.  The  talus  that  always  lies  against  the  cliffs 
and  slopes  rimming  the  basins  represents  in  some  cases  the  gradual 
accumulation  of  comparatively  small  fragments,  such  as  may  fre- 
quently be  heard  rattling  down  the  cliffs  during  the  spring  and  sum- 
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mer.  But  in  many  instances  it  is  plainly  the  result  of  one  or  more 
rock  slides  of  some  magnitude,  by  which  large  masses  of  the  cliff  have 
fallen  and  slid  out  onto  the  floor  of  the  basin. 

The  lakelets  lying  in  these  basins  or  amphitheaters  are  usually  rock- 
rimmed  and  oft>en  of  considerable  depth.  The  existence  of  the  lakes 
-depends  merely  upon  the  characteristic  form  of  the  main  basins  or 
<5irques  in  which  they  lie.  This  form  is  immediately  due  to  the  erod- 
ing action  of  local  glaciers  which  once  occupied  the  basins.  The  out- 
let of  Silver  Lake  flows  over  a  sheet  of  hard,  massive  andesite,  whose 
surface  has  been  rounded  and  scored  by  the  ice.  The  lake  basin  itself 
has  been  excavated,  however,  in  softer,  more  readily  credible  volcanic 
l)reccias.  Ordinary  erosion  by  running  water  would  have  been  power- 
less to  excavate  such  a  basin  below  the  level  of  its  present  outlet. 
Ice  is  the  only  eroding  agent  that  could  produce  such  a  result. 

The  evolution  of  the  topography  has  undoubtedly  been  influenced 
to  some  extent  by  the  Assures  and  veins  that  are  so  abundant  in  this 
region.  But  it  is  difficult  or  impossible  to  reduce  their  effect  to  the 
form  of  a  simple  and  general  statement.  Mineralized  Assures  are 
frequently  lines  of  comparatively  easy  oxidation,  rapid  decomposi- 
tion, and  ready  erosion.  Thus  very  many  of  the  lodes  determine  the 
position  of  the  cols  or  saddles  in  the  ridges,  and  can  be  distinguished 
from  a  distance  by  the  yellowish  color  of  their  surface  detritus.  Yet 
this  is  by  no  means  universally  true.  It  oft-en  happens  that  in  the 
present  stage  of  erosion  the  croppings  of  a  vein  traverse  an  even 
slope  or  cross  the  summit  of  a  high  i)eak.  As  an  example  of  the  last 
may  be  cited  the  important  Titusville  vein  where  it  crosses  Kendall 
Mountain.  It  is  plain  that  in  some  cases  the  fact  tliat  erosion  has 
resulted  in  cliffs  rather  than  steep  slopes  is  due  to  tlie  presence  of 
nearly  vertical  fissures.  A  sj^stem  of  ^ich  fissures  running  nearly 
northeast  and  southwest  is  responsible  for  the  cliffs  which  separate 
Silver  Lake  Basin  from  Arrastra  Gulch. 

In  this  elevated  region  the  disintegrating  action  of  frost  and  the 
active  erosion  far  outstrip  the  clieniical  processes  of  decay  whi(»h  in 
mild  and  moist  climates  are  efficient  in  reducing  the  rocks  to  soil.  As 
a  consequence  the  high  peaks  and  ridges  are  usually  composed  of  bare 
rock,  while  their  lower  slopes  are  largely  made  up  of  talus  or  ''slide 
rock,"  as  it  is  locally  called.  This  talus  has  concealed  in  a  most 
effectual  manner  much  of  the  rock  once  scoured  clean  by  the  ice,  and 
has  restricted  most  of  the  prospecting  to  the  high  peaks  and  ridges 
where  the  veins  are  exposed. 

In  the  vicinity  of  Red  Mountain  and  Ironton  much  of  the  topog- 
raphy has  a  peculiar  hummocky  character,  which  is  tlie  result  of 
landslide  action.  This  feature  is  particularly  striking  on  the  northern 
and  western  flanks  of  Red  Mountain.  Several  of  the  Red  Mountain 
mines,  such  as  the  Yankee  (rirl,  Genesee-Yanderbilt,  Guston,  Silver 
Bell,  Paymaster,  and  others,  are  in  this  landsli.de  area.     But  the  ore 
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bodies  of  these  mines  appear  to  be  in  place.  Apparently  the  land- 
slide action  is  rather  superficial,  and  the  siliceous  outcrops  of  the 
larger  ore  bodies  have  remained  stationary,  while  the  fractured  and 
mineralized  rock  around  them  have  slid  in  considerable  masses  down 
the  slope.  Obviously  such  sliding  renders  superficial  prospecting  very 
unsatisfactory.  It  is  quite  possible  that  some  ore  bodies  have  been 
covered  by  landslide  material  and  entirely  concealed.  For  further 
account  and  discussion  of  landslide  areas  in  this  and  other  portions 
of  the  quadrangle  the  reader  is  referred  to  the  heading  "  Landslides  '* 
(p.  37),  in  the  outline  of  geology  given  by  Mr.  Whitman  Cross. 

OUTLINE  OF  GEOLOGY. 

By  WfflTMAN  Cross. 

SAN  JUAN   VOLCANIC   AREA. 

The  complex  of  volcanic  rocks  within  which  the  Silverton  quad- 
rangle is  situated  is  one  of  the  most  extensive  in  the  Rocky  Moun- 
tains. It  consists  of  a  series,  several  thousand  feet  in  thickness,  of 
tuffs,  agglomerates,  and  lava  flows.  The  more  or  less  distinctly  hor- 
izontal surface  volcanics  have  been  penetrated  by  later  stocks  of  vari- 
ous rocks,  ranging  in  composition  from  gabbro  almost  to  granite,  and 
by  numerous  small  dikes  of  a  considerable  variety  of  rocks.  The 
eruptions  began  with  the  Tertiary  and  continued  during  the  greater 
part  of  that  era. 

The  area  covered  at  the  present  time  by  these  volcanic  rocks  is  in 
general  well  shown  by  the  Hayden  map  of  Colorada.  The  main  peaks 
of  the  San  Juan  Mountains  are  situated  in  the  western  center  of  the 
area.  From  this  point  the  volcanic  series  extends  northward  across 
the  Gunnison  River  to  the  West  Elk  Mountains,  eastward  to  the  San 
Luis  Valley,  and  southeasterly  a  broad  arm  passes  a  considerable 
distance  into  New  Mexico. 

The  former  extent  of  the  San  Juan  volcanics  was  very  much  greater 
than  at  present.  There  is  evidence  of  enormous  erosion,  which  was 
greatest  along  the  western  and  southern  sides,  and  it  appears  that 
very  possibly  the  high  mountains  of  the  Telluride  and  Silverton  quad- 
rangles are  near  what  was  the  center  of  the  volcanic  area  at  its  maxi- 
mum. Certainly  the  former  border  of  the  volcanic  pile  must  have 
been  located  many  miles  farther  west  and  south  than  at  present. 

The  Hayden  map  of  this  region  is  only  of  general  value.  There  is 
great  complexity  within  the  area  of  surface  lavas  and  agglomerates, 
and  the  map  shows  in  part  quite  incorrectly  the  relations  of  sedimen- 
tary and  other  formations  on  the  borders  of  the  volcanic  rocks.  The 
resurvey  of  this  extensive  tract  has  not  progressed  sufficiently  to  per- 
mit the  preparation  of  a  satisfactory  outline  of  San  Juan  geology.  In 
the  Telluride  folio,  however,  an  attempt  has  been  made  to  present 
the  results  of  the  more  recent  work  in  their  general  bearing. 
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From  the  western  front  of  the  San  Juan  Mountains  one  looks  down 
upon  a  great  plateau  level  which  reaches  for  hundreds  of  miles  west- 
ward. This  level  is  nearly  2,000  feet  below  the  base  of  the  volcanic 
series.  The  isolated  mountains  which  modify  this  plateau  country  in 
the  zone  bordering  the  San  Juan  Mountains  are  in  all  cases  due  to 
igneous  intrusions  which  have  in  a  measure  protect-ed  the  softer  sedi- 
mentary beds  from  erosion. 

The  removal  of  the  western  part  of  the  original  volcanic  complex 
has  revealed  a  complicated  structure  in  the  underlying  older  forma- 
tions, showing  that  the  general  center  of  volcanic  activity  has  also 
been  the  site  of  several  great  disturbances  in  earlier  geologic  times. 
About  a  center  not  yet  very  well  located,  because  covered  by  the 
remaining  volcanics,  the  sedimentary  formations  of  Paleozoic  and  Mes- 
ozoic  times  have  heen  upturned  and  eroded  at  several  periods.  This 
structure  is  well  shown  in  the  zone  bordering  the  present  western 
projection  of  the  San  Juan  Mountains  and  in  the  canyons  cutting 
through  the  volcanics. 

The  first  quadrangle  in  this  area  to  be  resurveyed  was  the  Telluride, 
lying  directly  west  of  the  Silverton.  The  main  western  front  of  the 
San  Juan  Mountains  traverses  this  quadrangle  from  north  to  south  in 
An  irregular  line,  and  the  fine  exposures  of  the  high  peaks  and  deep 
canyons  permit  a  clear  understanding  of  the  principal  elements  in  the 
mass  of  the  volcanic  series,  in  this  portion  of  the  area  at  least.  The 
sedimentary  formations  below  are  also  very  clearly  shown  in  the  Tel- 
luride quadrangle.  The  somewhat  detailed  text  of  the  Telluride  folio  * 
must  be  referred  to  for  much  general  information  which  is  applicable 
to  certain  parts  of  the  Silverton  quadrangle. 

GEOLOGY   OF  THE   SILVERTON   QUADKANGLE. 

Location  with  regard  to  the  volcanic  area. — The  Silverton  quadrangle 
lies  almost  wholly  within  the  volcanic  area,  but  two  streams,  ])elonging 
to  the  drainage  of  the  Colorado  River,  have  cut  tliroujrh  the  volcanics 
and  disclosed  the  underlying  formations. 

On  the  north  the  rncompahgre  River  with  its  tril)utaries,  Canyon 
Creek  and  Red  Creek,  reveal  the  Algonkian  quartzitesand  the  Paleo- 
zoic and  Mesozoic  formations  underneath  the  volcanics.  The  lower 
UKMiibers  of  the  section  appear  in  the  Silverton  quadrangle.  From 
the  south  tlie  Animas  River  has  penetrated  far  into  th(*  quadrangle, 
and  IxOow  Silverton  it  flows  in  a  canyon  excavated  l)elow  the  volcan- 
ics. .  This  stream  has  cut  a  deei)  gorge  through  th(^  Needle  Mountains, 
which  rise  immediately  south  of  the  Silverton  ([uadrangle  to  eleva- 
tions of  over  14,000  feet.  These  mountains  are  composed  very  largely 
of  Archean  and  Algonkian  rocks.  On  the  west  no  stream  has  eaten 
back  into  the  area  of  this  ([uadrangle  with  the  exception  of  the  two 
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short  tributaries  of  the  San  Miguel  heading  in  Ingi*am  and  Savage 
basins.  On  the  eastern  border  the  Lake  Fork  of  the  Gunnison  River 
has  exposed  a  mass  of  granite  which  is  entirely  surrounded  by  vol- 
canics,  but  as  its  boundaries  are  at  least  in  part  fault  lines,  it  is  pos- 
sible that  dislocations  on  these  planes  have  produced  this  outcrop  by 
local  upthrust.  The  structures  observable  in  the  formations  beneath 
the  volcanics  show  the  Silverton  quadrangle  to  be  near  the  center  of 
an  area  of  repeated  orogenic  disturbance  in  Paleozoic  and  Mesozoic 
times.  Some  of  the  igneous  phenomena  seem  also  to  center  here,  but 
it  is  as  yet  premature  to  conclude  that  the  principal  center  of  the 
entire  volcanic  activity  was  in  this  vicinity.  There  may  have  been 
several  centers  of  eruption  whose  products  combined  to  form  the  great 
complex  known. 

All  of  the  principal  members  of  the  volcanic  series  thus  far  identi- 
fied are  exhibited  in  the  Silverton  quadrangle.  There  are  also  a 
number  of  intrusive  rocks,  most  of  them  having  been  previously 
observed  in  the  Telluride  quadrangle.  The  principal  elements  of  the 
igneous  complex  will  now  be  briefly  described. 

San  Juan  fonuaiion, — The  earliest  volcanic  formation  of  this  series 
revealed  to  the  present  time  has  .been  termed  the  San  Juan  forma- 
tion. Vi  is  a  more  or  less  perfectly  stratifled  series  of  tuffs  and 
agglomerates  of  andesitic  rocks,  no  lava  flows  having  been  observed 
within  it.  The  character  of  the  San  Juan  tuff  and  agglomerate  in  its 
greatest  known  development  is  very  clearly  exhibited  on  either  side 
of  Canyon  Creek.  It  reaches  there  a  thickness  of  fully  2,500  feet 
(PI.  IV).  In  many  parts  the  San  Juan  seems  to  be  a  water-laid 
deposit,  so  fine  is  the  stratification.  The  agglomerates  are  more  or 
less  chaotic,  but  exhibit  distinct  stratification  when  seen  in  large 
exposures.  These  tuffs  and  agglomerates  are  also  exposed  in  typical 
development  in  the  mountain  group  southwest  of  Silverton,  of  which 
Sultan  Mountain  and  the  Grand  Turk  are  the  most  notable  summits. 
The  thickness  is  here,  however,  but  1,500  feet.  On  the  east  side  of 
the  Animas  the  San  Juan  tuffs  are  exposed  in  very  irregular  thick- 
ness on  the  slope  of  gneisses  and  granites  descending  from  the  Needle 
Mountains.  Apparently,  erosion  was  here  extremely  active  in  the 
period  succeeding  the  San  Juan  fragmental  eruptions. 

On  the  eastern  side  of  tlicj  Uncompahgre  River  the  floor  upon  which 
the  San  Juan  rests  and  also  its  upper  surface  dip  rather  abruptly 
southward,  brin«:.ing  the  succeeding  formation  abruptly  down  to  the 
level  of  the  river,  and  the  San  Juan  does  not  reai^pear  in  the  canyon- 
like valleys  of  the  streams  in  the  eastern  portion  of  the  quadrangle. 
It  is  plain  that  in  the  entire  valley  of  the  Animas  from  Silverton  to 
Animas  Forks  the  volcanics  rest  upon  a  surface  much  lower  than  that 
which  constitutes  their  base  in  Sultan  Mountain.  Whether  this  fact 
is  due  to  an  original  depression  in  this  area  or  to  subsequent  sinking 
has  not  vet  been  determined. 
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SUverton  series, — The  next  volcanic  series  after  the  San  Juan  was 
termed  the  "Intermediate  series"  in  the  Telluride  folio.  It  was 
very  much  less  developed  there  than  either  the  San  Juan  below  or 
the  Potosi  series  above.  The  relations  exhibited  by  the  map  (PL  IV) 
in  Potosi  Peak  and  the  mountains  south  of  Canyon  Creek  are  typical 
of  what  was  observed  throughout  the  Telluride  quadrangle.  But,  as 
the  map  clearly  shows,  this  formation  increases  rapidly  in  thickness 
eastward  and  covers,  in  fact,  much  the  greater  part  of  the  Siiverton 
quadrangle.  It  will  therefore  be  known  in  future  as  the  Siiverton 
series,  the  undesirable  term  "Intermediate"  being  discarded.  From 
a  thickness  of  300  or  400  feet  in  Potosi  Peak  the  Siiverton  series 
increases  to  4,000  or  5,000  feet  in  observed  thickness  near  the  center 
of  the  quadrangle.  This  series  is  a  complex  of  andesitic  flows  and 
tuffs  alternating  with  rhyolitic  flows,  flow-breccia,  and  tuff.  In  the 
Telluride  quadrangle,  and  in  oost  places  in  the  Siiverton,  its  lowest 
member  is  a  rhyolitic  flow  or  flow-breccia  of  peculiar  character.  This 
is  well  seen  in  Potosi  Peak,  along  the  crest  of  the  range  west  of 
Mineral  Creek,  and  very  near  the  summit  of  Sultan  Mountain. 

The  relation  of  the  different  rocks  to  one  another  is  very  variable  in 
different  places.  Rhyolite  is  seldom  typical,  and  its  largest  masses 
are  reddish  flow-breccia — that  is  to  say,  lavas  of  rhyolitic  base  con- 
taining many  inclusions  of  both  rhyolite  and  andesite.  Very  seldom 
indeed  is  the  rhyolite  free  from  these  inclusions.  The  andesitic  por- 
tion of  the  series  consists  of  augite-  and  hornblende-andesites,  and  the 
relation  of  massive  rock  to  tuff  or  agglomerate  is  extremely  irregular. 
In  all  the  central  portion  of  the  quadrangle  the  Siiverton  series 
appears  to  be  principally  composed  of  andesite,  either  fragmental  or 
in  flows.  Hut  in  the  Animas  Valley  the  lowest  exposed  meml^er  of 
the  complex,  especially  along  the  eastern  side  from  Cunningham 
Gulch  upward,  is  a  rhyolitic  flow-breccia  of  reddish  or  almost  purplish 
color,  so  full  of  imjjurities  that  its  character  is  not  easily  recognized. 
It  appears  either  that  these  rhyolite  flows  were  considerably  eroded 
or  that  they  piled  up  in  quite  irregular  masses  at  eruption,  for  the 
surface  upon  which  the  succeeding  andesitic  rocks  rest  is  extremely 
irregular,  as  will  be  shown  by  the  final  geologic  map.  The  recurrence 
of  rhyolitic  material  at  various  horizons  within  the  series  may  be 
observed  at  many  points.  The  Siiverton  series  consists,  then,  of  an 
irregular  alternation  of  two  quite  different  rocks,  erupted  doubtless 
from  different  centers.  They  are  grouped  as  one  series,  because  the 
complex  (contrasts  as  a  whole  so  markedly  with  the  products  of  the 
San  Juan  epoch  below  them,  which  were  purely  andesitic  and  entirely 
fragmental  as  far  as  seen,  and  with  the  Potosi  series  above,  which  is 
almost  entirely  rhyolitic  in  character. 

Potosi  series. — The  uppermost  series  recognized  in  the  Telluride 
quadrangle  was  termed  the  Potosi  series  from  its  occurrence  in  maxi- 
miijn  development  in  the  peak  of  that  name,  situated  in  the  extreme 
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iiortli western  corner  of  the  Silverton  quadrangle.  This  series  is  dis- 
tinguished as  marking  the  l^eginning  of  an  epoch  of  almost  exclu- 
sively rhyolitic  eruptions.  For  a  time,  at  least,  eruptions  of  mon^ 
basic  rocks  were  suspended.  In  Potosi  Peak  itself,  and,  indeed,  in 
the  Telluride  <iuadrangie,  so  far  as  this  series  w^as  observed,  the  floor 
upon  which  the  earliest  Potosi  lavas  were  outpoured  was  approxi- 
mately level.  Hut  either  the  great  development  of  the  Silverton 
series  to  the  east  or  other  causes  have  limited  the  distribution  of  thi^ 
Potosi  in  this  first  observed  simple  relation  to  the  other  volcanics. 
No  rhyolites  which  might  be  correlated  with  the  Potosi  series  occur  to 
the  east  in  the  Silverton  quadrangle  until  the  rugged  crest  of  the  con- 
tinental  divide  is  reached.  Here  several  summits,  like  Sheep  Moun- 
tain, show  light -colored,  fluidal  lavas  at  their  summits,  but  they  are 
not  sufticiently  like  the  Potosi  rhyolites,  as  known  to  the  westwaitl, 
to  fully  justify  at  this  time  a  certain  congelation  l>etween  them. 

The  rhyolitic  lavas  which  occur  in  the  higher  summits  of  the  north- 
eastern portion  of  the  quadrangle  seem  more  nearly  related  to  the 
Potosi  type,  but  further  examination  in  the  mountains  of  the  Ouray 
(quadrangle  is  necessary  to  show  the  true  relations  of  these  lavas  to 
those  of  the  Potosi  series. 

Stock  eruptions, — At  a  later  jwriod  than  that  of  the  Potosi  rhj'olite 
thei-e  were  in  the  western  San  Juan  several  eruptions  of  magmas, 
<liffering  much  in  composition,  and  now  seen  in  the  form  of  ratlier 
coarsely  crystalline  rocks  penetrating  the  whole  series  (\i  surface 
volcanics  to  the  summits  of  the  highest  mountains. 

In  the  Telluride  quadrangle  a  series  of  these  large  stocks  were 
observed,  in  Mount  Sneifels,  and  Stony  Mountain,  Ophir  Needles, 
Grizzly  Peak,  and  Mount  Wilson,  all  of  whose  summits  are  in  these 
stock  rocks.  There  arc  also  several  stocks  in  the  Silverton  quadrangle, 
the  largest  l)eing  that  of  quartz- monzonite,  the  massive  rock  of  thi» 
mountains  immediately  southwest  of  Silverton.  This  stock  has  a 
very  irregular  outline.  It  extends  from  Copper  Gulch  on  the  west  to 
the  base  of  Kendall  Mountain  on  the  east,  and  the  site  of  Silveilon 
is  eroded  out  of  this  mass.  The  northern  boundary  is  very  much 
concealed  by  talus  slopes.  The  evidence  that  this  stock  cutsdirectjy 
across  both  sedimentary  and  surface  volcanics  is  clearly  seen  in  the 
exposures  of  the  southern  contact,  on  Sultan  Mountain  and  Hear 
Peak.  Smaller  stocks  of  monzonite  occur  also  in  the  lower  part  ot* 
Cunningham  and  Maggie  gulches.  A  more  basic  rock  of  gabbroitic 
(character  appeare  at  the  head  of  Henson  Creek,  where  it  is  crossed 
by  the  wagon  road  leading  to  the  divide. 

Other  intrusive  rocks. — The  Silverton  quadrangle  is  notable  for 
several  masses  of  a  peculiar  porphyry.  This  rock  occurs  in  several 
small  stocks;  one  of  them  forms  a  portion  of  the  summit  of  Red 
Mountain,  another  is  on  Round  Hill,  while  a  third  is  seen  at  theheail 
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of  FnUmoon  Gnlch.  A  very  completely  decomposed  mass  of  what  i8 
probably  the  same  rook  is  seen  on  the  north  side  of  Mill  Creek,  and 
still  another  occurs  to  the  west  of  Mineral  Creek,  between  Mill  Creek 
and  the 'Middle  Fork.  This  rock  is  characterized  by  large  crystals 
of  orthoclase  which  give  it  a  very  marked  porphyritic  stractnre.  A 
very  small  occnrrence  of  the  same  rock  is  found  on  the  wagon  road  a 
short  distance  south  of  the  Yankee  Girl  mine,  and  another  in  the  knob 
north  of  the  National  Belle.  Intrusions  of  rhyolitic,  and  probably 
of  other  rocks,  are  known  in  the  surface  volcanics  of  the  northeastern 
part  of  the  quadrangle,  but  their  character  has  not  yet  been  definitely 
ascertained. 

A  sheet-like  mass  of  porphyry  occurs  at  the  eastern  base  of  Sultan 
Mountain.  It  has  been  intruded  in  quite  regular  manner  in  the 
shales  just  above  the  Ouray  limestone.  Several  other  masses  of 
porphyry,  more  or  less  distinctly  in  sheet  form,  with  a  few  dikes, 
oconr  at  the  forks  of  Mineral  Creek  west  of  Silverton.  In  this 
vicinity  all  rocks  are  so  extremely  decomposed  and  are  so  extensively 
covered  with  glacial  and  other  superficial  material  that  the  outline  of 
the  bodies  is  very  dilficult  of  determination. 

A  large  body  of  porphyry  of  rude  laccolithic  outline  occurs  on  the 
north  side  of  Canyon  Creek  on  the  north  border  of  the  quadrangle. 
The  representation  of  this  mass  on  the  map  (PI.  IV)  is  provisional, 
for  the  topographic  map  of  this  region  was  revised  after  the  porphyry 
mass  had  been  examined.  This  mass  is  an  intrusion  in  the  Triassic 
beds  and  extends  for  some  distance  into  the  Ouray  quadrangle.  The 
diifis  of  this  mass  are  very  notable  as  seen  from  the  wagon  road  lead- 
ing up  Canyon  Creek.     The  rock  is  usually  very  much  decomposed. 

Formatiows  underlying  tlie  volcanics, — As  explained  above,  the 
volcanic  rocks  rest  upon  the  greatly  eroded  surface  of  many  older 
formations  which  have  been  repeatedly  elevated  and  eroded  at  this 
general  center,  producing  a  complex  domal  structure.  The  oldest 
formation  displayed  is  the  gneiss  and  schist  series,  in  which  the 
Animas  Canyon  is  eroded  for  several  miles,  beginning  about  one  mile 
below  Silverton.  The  rocks  of  this  section  have  not  yet  been  exam- 
ined in  detail,  but  will  be  studied  in  connection  with  the  Nee<lle 
Mountains  quadrangle. 

Associated  with  these  gneisses  and  schists  in  the  Needle  Moun- 
tains is  a  series  of  quartzites  and  slates  several  thousand  feet  in 
thickness.  These  rocks  cross  the  Animas  a  few  miles  south  of  the 
Silverton  quadrangle  line.  A  similar  section  is  displayed  in  the 
picturesque  canyon  of  the  Uncompahgre  from  t  le  north  base  of 
Abrams  Mountain  to  Ouray.  Here,  too,  there  are  some  thousands 
of  feet  expose<l,  but  neither  the  top  nor  bottom  of  the  quartzite  series 
is  shown.  On  the  south  the  earliest  Paleozoic  beds  or  the  volcanic 
tuffs  cover  the  quartzites  and  schists  uneonformably.  On  the  north 
the  Ouray  limestone  rests  upon  their  upturned  edges.     This  great 
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series  of  old  quartzites  and  slates  has  been  assigned  to  the  Algonkian 
period,  chiefly  from  their  lack  of  fossils,  and  because  they  may  be 
thus  plausibly  correlated  with  the  Algonkian  rocks  of  the  Grand 
Canyon  of  the  Colorado. 

The  earliest  Paleozoic  formation  is  a  quartzite  with  some  sandy 
shales  100  to  200  feet  thick,  which  is  seen  on  the  west  side  of  the 
Animas  from  the  monzonite  contact  to  Molas  Lake,  and  imperfectly 
on  the  east  side  of  the  Animas.  This  quartzite  has  been  traced  down 
the  Animas  to  a  point  below  Rockwood,  and  is  called  the  Ignacio 
quartzite  from  its  characteristic  development  on  the  bench  where  the 
lake  of  that  name  is  situated.  A  southerly  dip  carries  this  quartzite 
onto  the  southern  slope  of  the  Needle  Mountains,  and  there  a  few 
indistinct  fossils  have  been  found  which  indicate  its  Cambrian  age. 

The  rather  shaly  beds,  often  calcareous,  succeeding  the  quartzite 
have  as  yet  yielded  no  fossils.  If  there  are  any  Silurian  strata  in 
this  section  they  are  probably  represented  by  these  calcareous  shales 
and  sandstones. 

The  next  formation  recognized  is  a  heavy  white  limestone  about 
200  feet  in  thickness,  which  is  seen  resting  directly  on  the  Algonkian 
quartzites  just  south  of  Ouray,  and  has  been  called  from  this  locality 
the  Ouray  limestone.  In  the  Animas  region  this  limestone  rests  upon 
the  calcareous  shales  just  mentioned.  A  few  Devonian  fossils  were 
found  in  this  limestone  by  F.  M.  Endlich  during  the  Hayden  survey. 
At  the  present  time  a  quite  characteristic  Devonian  fauna  has  been 
obtained  from  this  limestone  at  various  places. 

Following  the  Ouray  limestone  there  is  a  stratigraphic  break. 
Some  formation  of  Lower  Carboniferous  age  should  appear  at  this 
horizon,  and  some  fossil  evidence  has  been  obtained  to  show  that  at 
least  remnants  of  that  formation  may  be  found  on  careful  search. 
But  the  great  series  of  Upper  Carboniferous  rocks  called  the  Her- 
mosa  formation  come  nearly  or  quite  in  contact  with  the  Ouray  lime- 
stone in  many  places.  This  series  of  alternating  limestones,  grits, 
and  sandstones  is  about  2,000  feet  thick  and  forms  the  imposing 
scarp  facing  the  Animas  Valley  on  the  west  side.  The  same  beds 
form  notable  cliffs  about  the  town  of  Ouray.  From  the  limestone 
members  a  very  characteristic  Upper  Carboniferous  fauna  has  been 
obtained. 

At  Rico  the  uppermost  division  of  the  Carboniferous  was  found  to 
be  characterized  by  invertebrate  fossils  of  the  Permo-Carboniferous. 
Three  hundred  feet  of  strata  have  been  grouped  together  as  the  Rico 
formation.  Evidence  is  not  yet  sufficient  to  demonstrate  the  presence 
of  the  Kieo  strata  in  tlie  Silverton  quadrangle. 

Following  the  Carboniferous  comes  the  well-known  series  of  reddish 
grits,  sandstones,  and  conglomerates  ordinarily  known  as  the  Red 
Beds.  This  series  has  been  termed  the  Dolores  formation  from  its 
oceurnMiee  along  the  Dolores  River,  and  evidence  of  its  Ti:\»&%\r, 'w^^ 
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has  been  found  in  the  upi>er  part  of  the  formation.  These  strata  are 
seen  in  Canyon  Creek  and  in  the  southwestern  corner  of  the  Silver- 
ton  quadrangle.  All  the  Paleozoic  and  Mesozoic  formations  named 
exhibit  a  domal  structure  by  their  prevailing  dips  to  the  north  or  to 
the  south,  away  from  the  center  in  the  Silverton  quadrangle.  Beyond 
the  borders  of  this  quadrangle  the  other  formations  of  the  Mesozoic 
appear. 

Prevolcanic  surface  and  the  TeUuride  conglomerate. — The  Hayden 
map  represents  the  volcanic  complex  of  the  San  Juan  as  resting  on 
a  general  plane  surface  eroded  across  many  different  formations. 
Over  considerable  stretches  the  base  of  the  volcanics  is  represented 
as  approximately  level.  A  detailed  examination  of  the  TeUuride 
quadrangle  showed  that  the  San  Juan  tuff  was  in  that  region  every- 
where underlain  by  a  conglomerate  free  from  volcanic  material  but 
containing  pebbles  of  very  hard  sedimentary  rocks,  Mesozoic  and 
Paleozoic,  with  schists,  granites,  and  Algonkian  quartzites,  such  as 
may  be  seen  in  the  Needle  Mountains;  that  is  to  say,  this  conglomer- 
ate contained  in  its  pebbles  the  record  of  an  enormous  erosion,  such 
as  would  be  required  to  produce  the  surface  upon  which  the  volcanic 
formations  in  general  rest. 

This  conglomerate  below  the  volcanics  was  first  called  the  San 
Miguel  conglomerate.  It  is  now  necessary  to  replace  that  name  by 
another,  as  it  has  been  found  that  there  is  a  prior  use  of  that  term  for 
a  (Cretaceous  formation  in  Texas.  It  is  therefore  proposed  to  rename 
this  conglomerate  below  the  San  Juan  tuff  the  TeUuride  conglomer- 
ate, or  formation,  on  account  of  its  typical  exposures  and  relations, 
clearly  seen  about  the  town  of  that  name  and,  indeed,  throughout 
the  TeUuride  quadrangle.  The  TeUuride  formation  varies  greatly 
in  thickness;  it  is  almost  1,(X)0  feet  thick  in  Mount  Wilson,  on  the 
western  border  of  the  TeUuride  quadrangle.  It  is  700  feet  thick  in 
Sheep  Mountain,  southwest  of  Trout  Lake,  and  from  that  point  thins 
gradually  eastward  to  Sultan  Mountain  in  the  Silverton  quadrangle, 
where,  on  the  eastern  slope,  it  has  an  average  thickness  of  about  30 
feet.  To  the  east  of  the  Animas  this  (fonglomerate  is  not  continuously 
developed,  but  is  found  occupj-ing  hollows  in  the  surface  of  gneisses 
and  schists.  The  San  Juan  tuffs  resting  upon  it  bury  the  small  promi- 
nences separating  these  hollows,  and  the  TeUuride  c^ngloniei'ate  is, 
as  a  rule,  not  conspi(Uious.  It  is  very  distinctly  seen,  however, 
beneath  the  San  Juan  on  Ijoth  sides  of  Whitehead  Creek.  The  same 
thinning  of  the  TeUuride  conglomerate  occurs  l)etween  TeUuride  and 
the  exposures  in  Canyon  Creek.  The  conglomerate  is  very  clearly 
exposed  upon  the  wagon  road  leading  up  the  north  side  of  Canyon 
Creek,  and  is  probably  continuous  along  its  southern  side  to  the  valley 
of  Red  Creek,  but  beyond  that  to  the  east  is  seen  only  in  discon- 
nc^cted  exposures.  It  is  thought  probable  that  the  same  formation 
occurs  hotwath  the  volcanics  in  the  lower  country  east  of  the  Cnconi- 
pahgre  River  in  the  Ouray  quadrangle. 


RAN80ME.]  OUTLINE    OF   GEOLOGY.  37 

Structure  of  the  pre-Telhiride  forviatmns. — The  doraal  structure 
which  lias  been  referred  to  is  clearly  seen  iu  the  Animas  Valley  from 
the  Grand  Turk  Mountain  southward.  The  formations  here  have  a 
southerly  or  southwesterly  dip,  which  prevails  with  some  undulations 
to  a  point  below  Durango.  Westerly  dips  prevail  in  general  in  the 
Telluiide  quadrangle,  and  northerly  dips  are  seen  in  the  Uncompahgre 
Valley  from  Ouray  downward.  A  local  structure  of  interest  is  seen 
directly  east  of  Sultan  Mountain  in  the  Animas  Valley,  where  the 
Ignacio  quartzites,  the  Ouray  limestones,  and  the  lower  Hermosa  beds 
(lip  rather  abruptly  northward.  The  original  extent  of  this  fold  is 
not  now  plain,  for  these  beds  are  cut  off  sharply  by  the  great  quartz- 
monzonite  stocks,  beyond  which  only  volcanic, rocks  are  known  for 
a  number  of  miles.  An  int-eresting  evidence  of  the  structure  of  the 
Paleozoic  beds  is  also  seen  in  Ironton  Park.  The  well-known  deposits 
of  the  Saratoga  mine  seem  quite  clearly  to  be  in  the  horizon  of  the 
Ouray  limestone,  resting  upon  Algonkian  quartzites,  as  in  the  Uncom- 
pahgre Valley.  They  have  a  westerly  dip,  which  carries  them  quickly 
below  the  level  of  the  park,  but  along  the  road  on  the  western  side  a 
very  few  feet  of  grits  may  locally  be  found  beneath  the  San  Juan  tuffs. 

These  beds  of  Ironton  Park  are  supposed  to  represent  the  known 
(^astern  limit  of  the  sedimentary  section  which  must  be  continuous 
beneath  the  volcanics  and  which  reappears  at  Telluride,  in  the  drain- 
age of  the  San  Miguel  River. 

Faulting. — Displacements  of  the  volcanic  rocks  by  faulting  are 
numerous,  but  it  is  in  most  cases  difficult  to  ascertain  the  amount 
and  eharaet<»r  of  the  displacement.  It  is  supposed  that  many  of  the 
taults  seen  in  the  eastern  part  of  the  quadrangle,  especially  in  or  near 
the  valley  of  the  Lake  Fork,  have  a  very  considerable  throw.  In 
other  parts  of  the  ai-ea  dislocation  is,  as  a  rule,  comparatively  slight. 
An  <?xception  to  this  statement  is  afforded  by  the  faults  bounding  the 
rhyolite  lK)dy  of  Porphyry  Gulch,  near  the  head  of  Mineral  Creek. 
IhM'e  there  appeai-s  to  be  a  sunken  block  of  Potosi  rhyolite  bordered 
l)v  faults,  some  of  which  ai-e  very  clearly  exposed.  Minor  faults 
occur  i)articularly  in  the  southern  parts  of  the  quadrangle,  on  either 
side  of  the  Animas. 

In  that  region  there  are  faults  which  seem  to  be  of  an  earlier  date 
than  the  volcanic  eruptions,  but  they  can  be  identified  as  prevolcanic 
f;nly  wheie  th«\v  are  found  to  stop  at  the  lower  surface  of  the  San 
.luan.  Two  sueh  faults  are  seen  in  Cunningham  Gulch  above  the 
lligliland  Mary  mine.  Between  these  faults  a  block  of  Ouray  lime- 
stone has  been  dropped,  and  outcrops  of  that  formation  occur  on  each 
side  of  the  main  gulch.  These  faults  do  not  affect  the  San  Juan  tuffs 
above  the  Ouray  limestone. 

]j(iruisHdes. — The  Telluride  quadrangle  is  an  area  of   important 
lan(lsli(](\s,  especially  on  the  steep  western  face  of  the  San  Juan,  where 
the  Telluride  conglom(»rate  rests  on  soft  Cretaceous  aVveAftj^.    ^nk<5>  ^V 
these  slide  areas  are  several  square  iu\\e>a  m  ex\»^\v\>  «av^ \\\x%^^^*^^^^*^ 
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have  slipped  en  masse.     Minor  s?lides  were  also  noted  in  several  of  the 
gulches  of  the  mountains  about  Telluride. 

The  Silverton  quadrangle  has  also  been  the  scene  of  landslides  on 
an  unusually  grand  scale.  The  principal  aiva  of  landslides,  shown 
on  PL  IV,  embraces  the  country  on  both  sides  of  Red  Ci'eek  from 
the  lower  end  of  Ironton  Park  U>  the  head  of  Mineral  Creek,  and 
extends  vei-tically  up  the  adjacent  slopes  for  several  hundrcni  feet,  or 
in  places  1,000  feet.  That  landslides  have  occurred  in  this  i*egion 
will  be  evident  to  all  who  carefully  examine  the  topographic  detail 
within  the  areas  outlined.  This  detail  is  unfortunately  too  small  to 
admit  of  expression  on  the  scale  of  the  topographic  map.  Apparently' 
the  movement  has  been  very  superficial  in  comparison  with  the  great 
slides  of  the  Telluride  quadrangle.  It  has  taken  place  in  hundreds 
of  separate  small  blocks,  which  are  now  outlined  by  trenches  or  sinks 
back  of  the  knolls  representing  the  separate  masses.  When  shadows 
are  cast  in  the  right  direction  the  individual  knolls  of  this  slide  area 
stand  out  very  clearly.  PI.  VI  represents  a  small  part  of  the  landslide 
surface  in  the  vicinity  of  the  Guston  mine. 

The  occurrence  of  such  an  area  of  landslide  material  is  CHpecially 
interesting  in  this  case  because  of  the  fact  that  the  Yankee  Girl, 
Guston,  Robinson,  Vanderbilt,  Paymaster,  and  other  mines  are  in  the 
heart  of  the  area  affected.  Since  in  some  cases  the  ore  bodies  were 
traced  continuously  from  the  surface  downward  to  depths  of  over 
1,000  feet,  it  is  plain  that  not  all  of  the  surface  rock  has  suffered  dis- 
location, but  it  is  a  notable  fact  that  at  each  one  of  th(»sc  mines  there 
is  a  mound  or  hill  of  much-altered  rock  which  stan<ls  up  as  an  out- 
crop in  place  in  the  midst  of  the  greatly  fractured  rock  which  has 
slipped  downward  to  an  unknown  extent  through  the  landslide 
action.  The  contrast  between  a  hill  of  rock  in  place  and  the  knolls 
representing  landslide  blocks  surrounding  it  is  v<M'y  striking  in  the 
case  of  the  hill  a)>ove  the  Paymaster  mine.  A  critical  examination 
of  the  mountain  side  at  this  point  clearly  shows  that  this  hill  must 
have  been  a  still  more  prominent  point  before  the  landslide  epoch. 
The  gn»at  multitude  of  small  slide  blocks  descending  from  the  higher 
slope  have  almost  covered  Paymaster  Hill  and  have  swept  down  on 
either  side  to  the  level  of  the  main  gulch.  Whether  this  landslide 
material  may  have  entirely  concealed  mounds  of  altered  rock  corre- 
sponding to  those  so  prominent  at  the  mines  mentioned  is  an  interest- 
ing problem  to  which  Mr.  Ransome  refers. 

The  evidence  of  landslide  action  is  chiefly  that  of  the  toj)ography, 
which  is  entirely  irregular  and  can  not  have  been  produced  by  ordi- 
nary erosion.  The  mounds  or  knolls  can  not  be  regarded  as  roches 
moutonnees  l>ecause  of  the  completely  fractured  character  of  the  rocks 
found  in  them  and  the  fact  that  many  of  them  are  soft  tuffs,  quite 
incapable  of  having  resisted  moving  ice  to  form  a  scoriatcd  mound. 
It  is  hIso  notably  the  case  that  rocks  of  entirely  different  character 
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and  different  states  of  pi-eservation  ai'e  found  in  juxtaponition,  break- 
ing the  continuity  which  is  normal  where  the  formations  were  not 
thus  dislocated. 

T^ndside  action  of  similar  character  has  been  very  prominent  about 
Ri<»o,  in  the  heart  of  the  Rico  Mountains.*  The  i^esult  is  l^>  produce 
broad  topographic  fi>rms  of  rather  gentle  outline,  mocHlied  by  many 
small  ridges,  knolls,  and  tn»nches.  Such  fractured  material  is  now 
necessarily  in  pnH*ess  of  further  disintegration.  Indi»ed,  certain  pAvis 
of  the  landslide  area  ailja<*ent  to  In>nton  Park  have  l)een  so  smoothed 
out  by  the  oixiinary  rn»eping  ilown  the  slopes  of  the  much-fractured 
rock  that  the  landslide  character  is  rather  oliscur**.  Landslide  action 
im  so  gigantic  a  scale  is  at  pn^sent  attributed  to  violent  earthquake 
shoi»k.  Only  some  such  violent  hwal  force  seems  adequate  to  explain 
the  t»normous  sliilesof  the  Telluride quadrangle,  and  the  explanation 
is  most  ])lausible  in  view  of  the  volcanic  history  of  the  region. 

METHODS  OF  MINING  AND  TREATMENT  OF  ORES. 

It  is  not  piH)poseil  in  this  section  to  go  into  «n  exhaustive  account 
of  mining  methiMis  and  metallurgical  pnK'esses.  Such  a  disenssion 
would  l>e  outside  the  si*o|ie  of  the  present  report  and  would  necessitate 
the  iHdlectionof  iletailcildataof  a  kind  not  contemplated  in  planning 
geological  Held  work.  A  brief  statement  of  methods  and  approximate 
ci»sts  may,  however,  Ih»  of  use  to  readers  having  no  practical  knowl- 
tnlgi*  of  this  district  or  of  the  nuKles  of  pn)cedure  foHowe<l  in  it. 

Owing  to  the  exceeilingly  ruggeil  character  of  the  country,  the 
larger  mines,  with  the  exception  of  those  in  the  Re<l  Mountain  district, 
are  alimx^^t  all  worke<l  through  adit  tunnels.  Although  involving,  as 
a  rule,  great^M'  initial  ex|x*nditure,  and,  in  the  <*ase  of  crosscuts, 
nect\»^itating  much  '*dead  work,"  such  adits  have  for  large  mines 
undoubted  ailvantages  in  this  region  over  shafts.  They  obviate  the 
need  i>f  pumping,  and  when,  as  is  commonly  the  case,  there  isvertioal 
connection  with  the  surface  through  old  workings,  they  greatly  simplify 
the  pi\>blem  of  ventilation.  In  a  region  so  elevated  as  the  San  Juan 
an  adit  tunnel  jKissi'ssi's  great  advantage  in  that  it  allows  the  mine 
entrance  and  buildings  to  l>e  plai^eil  as  low  doi»Ti  as  possible,  where 
they  can  Ih»  l>etter  sheltertni  fn>m  the  vrinter  snow,  and  where  water 
and  timl>er  can  In*  more  readily  utilized.  In  several  of  the  larger 
mines,  such  as  the  Silver  Lake  and  Tomboy,  shafts  are  sunk  from  the 
adit  levels,  and  hoisting  and  pumping  machiner>*  are  installe<1  in 
undergnniml  stations. 

The  levels  are  usually,  although  not  uniformly,  about  lUO  feet 
ajn^rt,  aiul  the  ore  is  workeil  out  by  overhand  stoping.  It  is  usually 
allowtnl  to  fall  on  canvas  and  nmghly  Si>rted  from  the  waste.  The 
stojH^s  an^  siHuetimes  left  ojhmi,  sufficient  timliering  l)eing  carried  up 
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for  working  purposes.  Bnt  the  more  approved  practic*e  is  to  fill  in 
the  stopes  as  the  work  proceeds,  blasting  out  material  from  the  walls 
if  necessar}'.  In  many  cases  this  filling  is  successfully  combined  with 
systematic  prospecting  of  the  wall  rock  on  both  sides  of  the  vein,  often 
resulting  in  the  discovery  of  ore  which  would  otherwise  have  been 
overlooked.  Underhand  stoping  is,  however,  practiced  in  a  few  mines, 
as  in  the  Sunnyside,  where  the  proportion  of  waste  which  it  is  neces- 
sary to  move  is  small  in  comparison  with  the  ore. 
'  Machine  drills  are  not  generally  employed,  save  in  running  long 
crosscuts.  The  progressive  Silver  Lake  mine  began,  however,  to 
employ  several  Siemens  and  Halske  electric  drills  in  its  stopes  in  1899. 
'  In  mines  of  moderate  output  the  ore  is  taken  directly  from  the  ore 
chutes  and  run  out  in  single  cars  pushed  by  a  man  or  a  boy.  In  the 
Silver  Lake  mine  the  ore  collected  from  the  various  drifts  and  levels 
is  all  dumped  into  ore  bins  in  the  main  underground  station  on  the 
adit  level,  and  thence  taken  out  to  the  mill  in  a  train  of  cars  drawn 
by  a  mule.  In  the  Revenue  tunnel,  which  is  over  7,400  feet  in  length, 
and  from  which  the  daily  output  is  some  200  tons  of  crude  shipping 
ore  and  an  additional  amount  of  milling  ore  sufficient  to  furnish  30  to 
40.tons  of  concentrates,  the  ore  is  drawn  ouf  in  a  train  of  cars  operated 
by  an  electric  locomotive.  The  tunnel  is  furnished  with  a  double 
track,  but  practice  has  shown  that  even  in  an  adit  of  this  length  a 
single  track  is  amply  able  to  accommodate  a  much  greater  output 
than  that  now  handled. 

.  Many  of  the  mines  being  situated  above  timl)or  line  in  the  high 
basins,  frequently  fmni  2,000  to  4,000  feet  above  the  main  roads,  the 
proper  location  of  the  mill  and  the  mode  of  transportation  of  the  ore 
and  concentrates  to  the  nearest  railway  an*  problems  whieh  must  be 
solved  for  each  mine.  Owing  to  the  scanty  and  intermittent  character 
of  the  water  supply,  it  is  seldom  practicable  to  mill  the  ores  at  the 
altitude  of  the  adit  tunnel.  An  exception  must  be  made  in  the  case 
of  the  Silver  Lake  mine,  where  water  for  the  mill  is  obtained  by  pump- 
ing from  the  adjacent  lake.  But  in  most  cases  the  mill  is  built  any. 
where  from  a  few  hundred  to  several  thousand  feet  below  the  mine. 
The  primitive  method  of  packing  the  ore  down  on  backs  of  buri-os  to 
the  shipping  point  or  to  the  mill  is  in  use  by  nearly  all  the  small  mines 
and  prospects.  But  in  well-equipped  mines,  lo<*ated  above  timber 
line,  the  wire-rope  tramway^performs  an  office  whi(»h  makes  it  indis- 
pensable in  the  mining  development  of  so  roigged  it  country.  These 
tramways  are  of  various  patterns,  fi'oiu  the  lightly  coiistru(»ted  Husou 
tram,  with  its  small  fixed  buckets  and  single  rope,  to  the  substantial 
Bleichert,  with  large  detachable  buckets  drawn  over  a  fixed  rope  and 
supported  by  well-constructed  towers  of  timber.  The  Bleichert  tram- 
way of  the  Camp  Bird  mine  in  1S9!>  was  running  about  4o  buckets, 
OBch  bucket  carrying  about  700  pounds  of  ore.  One  man  is  able  to 
ilispHtch  350  buckets  a  day.     This,  howevev,  \«>  V>y  uo  means  the  full 
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capacity  of  tlie  tramway,  it  being  restncteil  in  this  instance  by  the 
limitations  of  a  small  Huson  tramway  which  was  bringing  ore  down 
from  upper  workings  to  what  is  now  the  main  adit.  The  expense  of 
running  these  well-constructed  gravity  tramways  is  comparatively 
small,  and  they  are  remarkably  smooth  and  efficient  in  operation. 

The  ores  of  the  Silverton  ([uadrangle  are  commercially  divisible 
into  shipping  oi-<3S  and  milling  ores.  The  former  are  shipped  direct 
to  the  smeller  as  crude  ore.  They  include  such  high-grade  ores  as 
can  not  be  treated  economically  by  simple  milling  processes  and  such 
ores  as  contain  but  a  small  proportion  of  worthless  gangue.  The 
milling  ores  include  sucli  gold  ores  as  can  be  i-eadily  amalgamated  or 
concentrated  and  those  silver-t?ad  ores  in  which  the  valuable  min- 
erals are  associated  with  considerable  quartz  or  other  gangue  mate- 
rial. Most  large  mines  produce  both  grades  of  ore,  while  the  output 
of  the  smaller  mines,  without  mills,  is  necessarily  usually  restricted 'to 
shipping  ore.  Exclusive  of  the  ore  from  the  Revenue  tunnel,  which 
really  comes  from  the  Telluride  quadrangle,  the  bulk  of  the  crude 
ore  at  present  shipped  from  the  Silverton  quadrangle  goes  to  the 
American  Smelting  and  Refining  Company's  smelter  at  Durango. 
Heavy  lead  ores  preponderate.  The  treatment  charge  varies  from  12 
to  |5ll,  the  higher  rate  l)eing  for  siliceous  or  "dry"  ores.  An  extra 
chare  of  50  cents  per  unit  (1  per  cent  of  1  ton)  is  made  for  ores  run- 
ning over  10  per  cent  of  %inc. 

The  treatment  of  milling  ores  varies  considerably  with  their  char- 
acter. Formerly  many  lixiviation  plants,  usually  employing  some 
modification  of  the  original  Augustin  process,  were  installed  in  the 
region  for  tbe  treatment  of  argentiferous  ores.  This  process,  involv- 
ing a  chloridizing  roasting  of  the  ore  and  subsequent  leaching  out  of 
tlie  chloride  of  silver  by  the  use  of  strong  brine,  proved  successful  in 
treating  the  ore  of  the  Polar  Star  mine,  about  95  per  cent  of  the  silver 
being  saved.  In  many  cases,  however,  it  was  a  failure,  the  ores  not 
being  adapted  to  its  employment.  At  the  present  time  it  is  no  longer 
used.  Mechanical  concentration,  coupled  in  some  cases  with  amalga- 
mation, has  entirely  replaced  the  various  chemical  processes,  and  the 
coiict'iit rates  thus  obtained  are  shipped  to  the  smelters. 

Th<»  silver-lead  ores,  carrying  usually  some  gold  and  copper,  are 
crushed  by  rolls  or  stamps  and,  after  proper  sizing  in  revolving 
screens,  arc*  concentrated  by  means  of  jigs  and  shaking  tables.  For 
this  purpose  the  Wilfley  table  is  most  in  use,  although  Woodbury, 
Uartlett,  and  Cammett  tables  and  Frue  vanners  are  also  employed, 
and  a  special  form  of  '* end-shake"  table  is  in  use  in  the  Silver  Lake 
mill  for  saving  the  slimes.  When^  the  ore  to  be  treated  is  rich  in 
galena  the  tendency  in  most  of  the  newer  mills  is  to  substitute 
rolls  for  stamps.  Huntington  mills  are  frequently  employed  for 
regrindiiig  tailings. 

The  richer  ores,  cariying  free  go\i\,  Yei\\\\Ye  (W^^t^wV \;v^'80cvcv*^\xV .    Xw 
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the  thoroughly  modem  mill  of  the  Gamp  Bird  mine  the  equipment  is 
similar  to  that  which  has  been  found  best  adapted  to  the  free-milling 
gold  ores  of  Califomia.  The  ore  i^asses  from  the  crusher  directly  to 
the  stamps,  weighing  800  pounds  and  dropping  90  times  a  minute. 
The  pulp  passes  through  a  40-mesh  screen  to  the  amalgamating 
plates,  where  from  75  to  80  per  cent  of  the  value  is  caught.  It  is 
then  passed  through  dassiflers  and  over  Frue  vanners,  the  latter 
being  so  arranged  that  the  pulp  before  being  allowed  to  escape  as 
tailings  passes  over  two  vanners.  The  ore  commonly  run  through 
this  mill  averages  from  tlOO  to  1200  per  ton  and  is  frequently  much 
higher.  The  tailings  run  from  13  to  $5,  part  of  which  in  recovered 
in  a  small  auxiliary  mill.^  Considering  the  peculiar  character  of  the 
Camp  Bird  ore,  which  wiU  be  elsewhere  described  in  this  report,  this 
showing  is  rather  remarkable.  Between  mills  of  this  type  and  the 
more  complicated  equipment  required  for  treating  lower-grade  argen- 
tiferous ores  there  are  all  gradations,  as  will  appear  when  each  mine 
is  described  in  detail.  At  the  Tomboy  mine,  which  produces  a  gold 
ore,  the  ore  is  crushed  by  rolls  and  ground  in  Huntington  mills  before 
passing  over  the  plates,  no  stamps  being  used. 

The  various  mills  will  be  described  in  the  detailed  accounts  of  the 
Individual  mines  included  in  this  report. 

The  conditions  under  which  the  several  mines  operate  differ  so 
widely  that  it  is  impossible  to  assign  a  definite  lower  limit  to  the  value 
of  ores  which  can  be  profitably  extracted.  Ores  ranging  in  value  from 
t6  to  112  a  ton  are  perhaps  as  of  low  a  grade  as  can  be  now  work;ed, 
even  on  a  considerable  scale  and  with  modem  equipment.  For  many 
of  the  smaller  mines,  however,  this  limit  must  be  doubled.  The  Ue<l 
Mountain  mines  were  expensive  to  operate  on  account  of  the  irregular- 
ity in  the  disposition  of  their  ore  bodies,  their  corrosive  waters,  and 
the  necessity  of  pumping  and  hoisting  through  shafts.  In  1888  tln^ 
New  Guston,  then  beginning  operations  on  an  extensive  scale,  paid 
dividends  on  ore  mined  at  a  cost  of  $53. 50  per  ton.  The  lowest  annual 
cost  per  ton  was  $9.60  in  1894  on  ore  worth  only  $12.80  per  ton.  Loca- 
tion, power,  timber,  water,  kind  of  country  rock,  and  character  and 
amount  of  ore  form  a  complex  set  of  factors,  which  fully  accounts  for 
the  range  in  the  limiting  value  between  workable  and  nonworkable 
ore.  Compared  with  $1.35  per  ton,  which  in  1894  covered  the  entire 
cost  of  mining  and  treatment  of  the  ore  from  the  Alaska-Tread  well 
mine,*  or  the  $2.50  to  $5  per  ton  which  covers  the  similar  exi)euse  in 
many  deep  California  gold  mines,  the  figures  given  above  seem  high. 
But  the  difference  is  sufficiently  explained  by  the  difficulties  insepara- 
bly connected  with  mining  in  so  rugged  and  elevated  a  region  and  by 
the  more  involved  processes  required  for  the  treatment  of  complex 

>  In  1900  a  modem  cyanide  plant  was  being  erected  to  treat  the  tailings  directly  from  the  mill. 
It  ia  now  in  operation. 
' BeconDaiamnoe  of  the  gold  fields  of  southern  Alaska,  by  G.  F.  Becker:  Eighteenth  Ann.  Rept. 
Cr,  8.  Cfeol  Surrey,  Pt.  IH.  IMW.  p.  W. 
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ores,  the  concentration  of  which  is  often  rendered  troublesome  by  the 
presence  of  sphalerite  and  barite,  and  which  almost  invariably  require 
smelting. 

CLASSIFICATION  OF  THE  ORE  DEPOSITS. 

The  ore  deposits  of  the  Silverton  quadrangle  may  be  conveniently 
classified  and  described  under  three  heads:  (1)  Lodes,  (2)  stocks  or 
masses,  and  (3)  metasomatic  replacements.  To  the  first  class  belonjr 
by  far  the  greater  number  of  the  deposits  that  are  being  worked  at 
the  present  time.  To  the  second  class  are  assigned  most  of  the  ore 
bodies  formerly  worked  in  the  Red  Mountain  district,  often  locally 
known  as  *' chimneys."  In  the  third  class,  by  far  the  least  important 
in  this  (juadrangle,  are  placed  a  few  deposits  occurring  in  limestone 
or  in  rhyolite. 

In  the  classification  of  actual  ore  deposits  it  is  usually  found  that  a 
<?iven  ore  body  presents  features  c?hnmon  to  two  or  more  ideally  dis- 
tinct types.  Thus  a  fissure  vein  may  be  accompanied  by  some  replace- 
jnent  of  the  adjacent  country  rock,  or  it  may  be  found  impossible  to 
draw  any  definite  line  between  impregnation  ^  and  total  metasomatic 
replacement.  The  present  field  offers  no  exception  to  this  general 
difficulty,  and  the  division  of  the  ore  deposits  here  made  is  not  to  be 
regarded  as  in  all  cases  discriminating  between  totally  diflfei'ent 
things.  The  aim  is  to  group  the  deposits  broadly,  under  most  promi- 
nent characteristics  of  occurrence,  in  order  that  they  may  be  conven- 
iently and  systematically  described. 

THE  LODE  FISSURES. 
DEFINITIONS. 

By  fissure,  as  used  in  this  report,  there  is  meant  a  somewhat  exten- 
sive fracture  in  the  rocks.  Such  a  fissure  is  not  necessarily  accom- 
panied by  recognizable  faulting,  nor  by  the  production  of  visible 
open  spaces,  nor  by  mineralization.  According  to  the  classical  defi- 
nition of  Von  Cotta,^  a  vein  is  the  filling  of  a  fissure.  As  designating 
a  simple  type,  of  frequent  occuri*ence,  it  seems  very  desirable  that  in 
accurate  description  the  t.erm  vein  should  retain  this  significance, 
i.  e.,  a  ''true  vein"  or  fissure  vein.  In  mining  speech,  however, 
the  word  commonly  has  a  broader  meaning,  and  is  made  to  include 
not  only  the  filling  of  a  preexisting  fissure,  but  also,  in  many  cases^ 
more  or  less  altered  and  impregnated  country  rock  alongside  the  fis- 
sure. Frequently  the  *'  vein  "  of  the  miner  is  a  sheeted  zone,  embrac- 
ing several  veins  in  Von  Cotta's  sense,  or  it  may  be  a  zone  of  more 
or  less  irregular  ore-bearing  stringers.     For  this  reason,  lode  will  be 


I  Ah  used  in  this  report,  impregnation  is  merely  a  structural  term  indicating  the  fine  dissemi- 
rmtioi)  of  ore  particles  through  a  rock  mass.  In  the  majority  of  cases  it  involvee  true  meta^:o- 
matic  replacement. 

^  Die  Lehre  von  den  Erzlagersttttten,  2d  ed.,  Freiberg,  1859,  p.  108. 
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consistently  used  throughout  this  report,  as  a  more  general  term  than 
vein,  to  designate  either  a  simple  filled  fissure  or  a  zone  of  closely 
spaced  fissuring  with  possibly  more  or  less  impregnated  or  replaced 
country  rock.  Lode  thus  includes  what  Von  Cotta  and  Von  Grod- 
deck^  have  called  complex  veins  (zusammengesetzte  Gauge)  J 

A  similar  usage  has  been  followed  by  P]mmons  and  Tower^  in  their 
description  of  the  ore  deposits  of  Butte,  Mont.,  and  to  some  extent 
l)y  Purington^  in  describing  the  ore  deposits  of  the  Telluride  (juad- 
rangle. 

DISTRIBUTION   OF  THE  ORE-BEARIN(}   FISSURES. 

Fractures  in  the  rocks,  containing  more  or  less  ore,  are  widely  dis- 
tributed within  the  quadrangle,  but  are  larger,  more  abundant,  or 
richer  in  metalliferous  ('ontents  in  certain  limited  dist  ricts  than  else- 
where. Prospects  occur  thickly  dott^  over  the  whole  area,  but  the 
important  mines  are  found  in  more  or  less  isolated  groups.  A  partial 
idea  of  the  distribution  of  the  fissures  may  be  gained  from  the  accom- 
panying map  (PI.  Ill),  on  which  but  a  small  proportion  of  the  actual 
fractures  are  indicated.  Moreover,  in  plotting  the  lodes  the  smaller, 
poorly  expose<l,  and  apparently  nonworkable  ones  must  necessarily 
be  often  disregarded,  and  the  map  can  not  therefore  be  taken  as  show- 
ing strictly  the  true  distribution  of  all  the  fissures,  but  only  of  those 
which  are  superficially  conspicuous  or  which  carry  ore  in  sufficient 
quantity  to  l)e  worked  or  pi-ospeeted.  As  the  map  suggests,  fissures 
carrying  variable  amounts  of  ore  are  less  noticeable  features  in  the 
southwest  and  southeast  corners  of  the  (luadranglc  than  elsewhere. 
But  they  occur  in  all  the  rocks  whicii  possess  any  considerable  distri- 
bution within  the  area,  from  the  Algonkian  (oi-  ArcheanV)  schists, 
which  constitute  the  basement  formation  of  the  region,  to  the  hitest 
monzonitic  intrusions  tliat  cut  the  Tertiary  voh*anic  series.  l>y  fai* 
the  gn^ater  number  of  them,  however,  an*  found  in  the  voleanie  rocks 
of  the  Silverton  and  San  Juan  series.  This  is  appaiently  dueehic^fly 
to  the  fact  that  thes(»  rocks  occupy  the  gr(»at<M-  pail  of  the  (piadraiigle 
rather  than  to  any  special  determining  factor  in  the  loeks  themselves. 
It  is  admittedly  difficult,  however,  to  isohite  sueli  a  possible  factor 
from  others  more  directly  associated  with  the  origin  and  accumulation 
of  these  rocks  than  with  their  texture  and  structure.  Whether  the 
productive  ore  bodies  that  fill  some  of  the  ftssnn^s  are  as  impartially 
distributed  in  the  various  formations  as  the  fissures  themselves  is  a 
different  question  and  will  be  discussed  in  another  place. 

The  existence  of  local  areas  of  esjiccially  ])ronounccd  fissuring  and 
mineralization  has  already  been  pointed  out.  Silver  Lake  Basin  may 
be  citi^d  as  a  center  of  one  such  areal  group  of  fissures.     Not  only  are 


'  Die  Leliro  von  den  Lagerstiltton  der  Erze,  Lei])zig,  1H71>,  p.. 'I'). 
•''Geologic  Atlas  U.  S.,  folio  :H  Butte  Hpecial. 

^Preliminary  report  on  the  mining?  iiidustriea  of  tlie  Telluride  quadrant^le,  Colorado:  Eight- 
f^enth  Ann.  Hopt.  U.  S.  Geol  Survey.  Pt.  Ul.  1SM«,  p.  IVL 
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the  fissures  within  and  around  this  basin  exceedingly  numerous,  but 
many  of  them  contain,  large  and  productive  ore  bodies.  Another  area 
is  that  of  Galena  Mountain,  where  the  fissures  are  well  exposed  and 
form  a  remarkable  network,  but  have  not  hitherto  proved  to  contain 
ore  bodies  of  great  value.  As  still  other  centers  of  conspicuous  fis- 
suring  may  be  cited  the  heads  of  Treasure  and  Poughkeepsie  gulches, 
Ross  Basin,  and  Mineral  Point.  These  last  four  local  districts  of  vig- 
orous fracturing  are  not  distinctly  separated,  and  should  perhaps  be 
included  together  as  a  single  area  over  which  fissuring  and  subse- 
riuent  reining  has  taken  place  on  an  extensive  scale.  Finally,  the 
region  embracing  Savage,  Imogene,  and  Silver  basins,  in  the  north- 
west corner  of  the  quadrangle,  in  which  are  located  the  Virginius  and 
Smuggler-Union  mines,  may  be  regaixled  as  part  of  a  very  important 
district  of  strong  ore-bearing  fissures,  lying  chiefly  within  the  Tellu- 
ride  quadrangle. 

CdORDIXATlON    OF  THE   FISSURES. 

By  the  coordination  of  the  fissures  is  meant  their  arrangement  in 
natural  systems,  based  upon  direction,  size,  persistency,  or  other 
features.  In  the  present  instance  the  trends  of  the  principal  frac- 
tures will  first  be  discussed,  and  afterwards  the  coordination  of  minor 
local  groups  of  fissures  occurring  in  various  portions  of  the  quad- 
rangle will  be  considered. 

If  fissures  were  always  vertical  and  were  bounded  by  plane  surfaces, 
it  would  be  possible  to  represent  them  on  a  map,  such  as  PI.  Ill,  by 
straiglit  lines.  Moreover,  a  single  careful  observation  along  a  short 
exposure  of  any  fissure  would  afford  sufficient  data  for  accurately 
laying  off  the  direction  of  the  line  on  the  map.  It  might  then  be 
possible  to  classify  these  fissures  with  mathematical  precision  and 
divide  them  into  groups  or  systems,  each  system  being  characterized 
by  a  certain  common  direction. 

But  actual  fissures  seldom  conform  to  these  conditions.  They 
stand  at  various  angles  to  the  horizon  and  are  often  curved.  The 
existence  of  curves  of  large  radii  where  it  is  evident  that  the  mapped 
curvature  is  not  the  i*esult  of  the  combination  of  dip  and  topography 
is  illust  rated  l)y  several  of  the  lodes  plotted  on  the  accompanying  map, 
PI.  III.  The  existence  of  minor  curves  may  be  well  seen  in  almost 
any  plan  of  the  underground  workings  of  a  mine  exploiting  a  fissure 
d(*posit.  These  facts  interfere  materially  with  the  discussion  and 
classification  of  the  fissures  of  a  given  region  as  a  simple  problem  in 
plane  geometry.  It  is  obvious  that  single  observations  of  the  course 
of  a  fissure  in  a  drift  can  not  be  assumed  as  giving  its  general  strike. 
Nor  is  it  practicable  to  tabulate  such  observations — at  least  in  this 
region — and  thereby  to  set  up  various  systems  of  fractures  traveling 
the  region,  each  system  narrowly  confined  and  accurately  distin- 
guished from  other  systems  by  a  difference  of  only  a  few  degrees  in 
trend. 
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In  the  Silverton  region  the  important  fissures  have  been  mapped  in 
the  field  Avith  reference  to  the  topography.  The  lines  a«  shown  are 
approximations  to  truth,  requiring  much  allowance  for  necessarily 
limited  observations  and  for  imperfections  of  the  topographic  map.* 

Inspection  of  the  map  on  which  the  prominent  lodes  are  thus  platted 
shows  that  the  most  conspicuous  fissuring  has  taken  place  in  a  general 
northeast  and  southwest  direction.  The  dip  of  these  fissures  is  usually 
southeast  at  about  75°.  But  the  angles  of  dip  range  from  40°  to  ver- 
tical, and  a  few  of  the  lodes  dip  northwest.  Perhaps  slightly  less 
marked,  but  thus  far  more  economically  important,  are  numerous 
strong  lodes  running  in  a  general  northwest  and  southeast  direction. 
In  the  southeastern  quadrant  these  usually  dip  noHheast  at  angles 
varying  from  50°  to  90°.  Elsewhere  they  usually,  although  not  inva- 
riably, dip  southwest  at  high  angles,  as  observed  by  Purington  in  the 
Telluride  area.  ITie  existence  of  these  two  dominant  directions  was 
long  ago  i>ointed  out  by  Endlich.*'*  Purington,*  in  his  description  of 
the  fissures  of  the  neighboring  Telluride  quadrangle,  concludes  that 
**  there  are  four  general  directions  of  fissuring:  (1)  East  and  west,  and 
(2)  northeast,  best  developed  in  the  central  and  southeastern  portions 
of  the  quadrangle,  and  (3)  north  and  south,  and  (4)  northwesterly, 
best  exemplified  in  the  northwestern  portion."  It  will  be  seen  that 
the  two  most  prominent  directions  of  fissuring  in  the  Silverton  area 
coincide  with  Piirington's  second  and  fourth  general  directions  in  the 
Telluride  quadrangle. 

There  occur  in  the  Silverton  quadrangle  several  ai)proxiniatoly 
north  and  south,  as  well  as  nearly  east  and  west,  lodes,  and  if  atten- 
tion were  restricted  to  certain  small  areas,  such  as  Ga'.ena  Mountain, 
it  might  be  considered  advisable  to  recognize  one  or  both  of  these 
directions  as  characterizing  distinct  subordinate  systems  of  fractures. 
Such  a  grouping,  however,  while  valid  for  the  very  limite<l  area  named, 
is  lost  when  the  various  directions  of  all  the  fissures  in  the  quadrangle 
are  taken  into  account.  The  possible  number  of  such  subordinate 
systems  then  becomes  so  large  as  to  obliterate  the  divisions  between 
them.  For  accounts  of  these  minor  directions  of  fracturing  the  reader 
is  referred  to  the  latter  part  of  this  section,  where  their  coordination 
is  discussed,  and  to  the  detailed  descriptions  of  the  various  local  groups 
of  l(Kles  in  the  later  pages  of  this  report.  It  is  sufficient  in  this  place 
to  point  out  that  the  fissuring  of  the  rocks  throughout  the  quadrangle 
has  been  so  thorough  and  has  taken  place  in  so  numy  directions  that 
two  of  these  only  stand  out  as  dominant.  Even  these  show  a  cer- 
tain localization  within  the  limits  of  the  quadrangle,  the  northeast- 
southwest  fissures  notably  predominating  in  tin*  northeast  (juadrant, 

» The  topoj?raphic  map  ui>on  which  most  of  the  lodes  were  orijfiiially  laid  down  was  jiartly 
revised  during  the  year  19<M).  and  these  lofles  had  then  tol»©  transferred  and  a<lapted  to  the  new 
map  in  the  office    a  procedure  which  may  lead  to  occasional  unavoidable  errors  of  position 
with  reference  to  minor  topojjraphic  features. 
^Haydon  Burvey.  Ann.  Rept.  1874,  p.  ZtJ.  =•  L«k'.  cit  .  i>  :i\:. 
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while  the  north  west -southeast  fissures  are  the  more  persistant  in  the 
southeast  quadrant. 

In  the  Hceonipanying  diagram  (fig.  1)  the  lodes  represented  upon 
the  map  have  been  platted  as  straight  lines  passing  through  a  com- 
mon central  jwint.  In  the  ease  of  moderately  curved  fissures  the 
line  represents  the  average  general  direction.  A  few  sharply  curved 
lodes  have  been  treated  as  if  they  wei*e  formed  by  two  intersecting 
fissures,  and  represented  in  the  diagram  by  two  lines.     The  figure 


Fi(}.  1.— Diagram  Hhowinif  <*ourse9  of  some  of  the  lode  flfwnreA  of  the  Silverton  qnadrangle. 

brings  clearly  l)efore  the  eyes  the  great  variety  of  direction  assumed 
l)y  the  i(»latively  few  fissures  which  have  been  mapped  as  lodes.  It 
fails,  on  the  other  hand,  to  express  the  relative  persistency  and  indi- 
vidual importance  of  the  various  fissures  represented,  and  in  so  far 
only  partialh'  brings  out  the  prominence  of  the  northeast-southwest 
and  northwest-southeast  lodes. 

In  a  region  traversed  by  such  a  great  number  of  fiasures,  trending 
in  so  many  different  directions,  it  is  not  difficult  to  construct  fanciful 
relationships.     Few  of  the  latter  ai*e  more  i>opular  than  tlvat*  ^\\\s3^ 
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makes  all  the  important  lodes  radiate  from  one  or  more  i)oints — 
extinct  volcanoes  being  generally  preferred.  That  there  is  a  certa.in 
radial  disposition  of  the  fissures  will  be  presently  shown,  but  this 
arrangement  is  very  different  from  that  which  has  l)een  sometimes 
supposed,  and  which  has  been  described  in  intendedly  sc^rious  publi- 
cations. 

Having  e(msidei*ed  the  various  directions  taken  by  the  fissures  in 
the  region  as  a  whole,  it  remains  to  discuss  certain  mutual  i-elations 
in  regard  to  direction  exhibited  by  the  fissures  of  several  small  areas. 
In  spite  of  the?  wide  diversity  of  strike  already  dwelt  upon,  and  illus- 
trated in  fig.  1,  it  is  nevertheless  true  that  in  certain  limited  portions 
of  the  quadrangular  area  one  or  more  systems  of  fissures,  character- 
ized by  fairly  accordant  directions  of  strike,  are  easily  recognizable. 
In  many  cases  these  parallel  fissures  are  so  small  and  carry  so  little 
ore  or  vein  matter  that  they  have  not  been  indicated  on  the  map. 
Moreover,  they  are  at  places  so  closely  spaced  as  to  render  it  impos- 
sible to  show  them  on  the  scale  here*  employed  for  the  topographic 
mapping. 

On  the  west  side  of  Silver  Lake  Basin,  in  addition  to  the  productive 
lodes,  such  as  the  Iowa,  New  York  City,  and  Stelzner,  the  countr>' 
rock  is  traversed  by  a  great  number  of  smaller  fissures,  striking  from 
20°  to  40°  west  of  north,  and  resulting  in  a  pronounced  sheeting  of 
the  mck,  generally  parallel  with  the  lodes  mentioned,  but  without 
recognizable  regular  or  rhythmical  spacing.  These  fissures  are  nearly 
vertical,  but  one  group  of  them  sometimes  exhibits  a  sleei)  north- 
easterly dip,  while  another  group  dips  southwesterly.  Many  of  them 
are  ore  bearing,  and  it  is  not  uncommon  to  see  on  a  clean  surface  of 
rock  a  vein  an  inch  or  so  wide  composed  of  quartz  and  galena  in 
about  equal  proportions.  Such  mineralized  stringers  may  be  seen  to 
branch  or  to  wedge  out  completely  in  a  distance  of  40  or  50  feet  and 
be  succeeded  by  an  overlapping  vein  let  a  few  inches  to  one  side.  On 
a  smaller  scale  they  repeat  the  phenomena  observed  underground  in 
the  m^arly  parallel  lodes,  such  as  the  New  York  City,  l)elonging  to 
(iroup  II  of  the  Silver  Lake  Basin  Imles.  (See  detailed  descnptions, 
pp.  145-148.)  They  appear  to  belong  to  the  same  system  and  to  havi^ 
been  formed  at  the  same  time  as  the  latter. 

Two  prominent  sytems  of  parallel  fissures,  intersecting  nearly  at 
right  angles,  are  noticeable  in  the  cliffs  at  the  head  of  Arra^stra 
(iulch.  One  system,  with  a  strike  of  about  N.  31*"^^  W.,  and  a  dip  of 
from  75'  to  80"  t4)  the  northeast,  runs  generally  parallel  with  the 
trend  of  the  gulch,  and  divides  the  compacted  breccias  of  the  Silver- 
ton  series  into  great  plates  from  a  few  inches  to  several  f<'et  in  thick- 
ness. The  width  of  this  sheeted  zone  is  from  .'30  to  4n  feet.  Thes*' 
fissures  may  perhaps  Ix^  placed  in  the  same  system  as  those  just 
<lescrilKMl  west  of  Silver  Lake,  and  were  possibly  fonne<l  at  about  the 

me  time.     But  they  apparently  contain  neither  ore  nor  ([uartz,  and 
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may  be  of  later  date.  The  second  set  of  fissures,  with  a  strike  of  N. 
60°  E.,  and  a  southeasterly  dip  of  about  80^,  crosses  the  gulch  near 
its  head,  and  may  be  seen  also  in  Blair  Gulch,  in  a  considerably 
broader  zone  than  the  fii*st  set.  Some  of  these  fractures  contain 
quartz,  but,  so  far  as  observed,  are  not  heavily  mineralized  and  carry 
only  a  little  pyrite.  The  i*elative  ages  of  these  two  systems  of  inter- 
secting fissun^s  were  not  directly  determinable  in  the  field.  It  is  not 
improbable  that  they  were  formed  simultaneously  as  conjugate  fis- 
sures.    (See  pp.  52-53). 

Minor  systems  of  fractui'es  in  parallel  coordination  may  be  well 
studied  on  Galena  Mountain,  a  precipitous  peak  composed  of  both 
massive  and  fragmental  andesite.  The  mass  of  the  mountain  is  cut 
by  very  numerous  fissures,  many  of  them  prominently  indicated  on 
the  surface  as  lodes  or  veins.  These  may  be  divided  into  four  groups, 
the  members  of  each  group  being  characterized  by  approximately  the 
following  strikes:  (1)  N.  45°  E.,  (2)  N.  and  S.,  (3)  X.  25°  W.,  and  (4) 
N.  05^  W.  In  each  of  these  systems  there  usually  occui*s  one  or  more 
fairly  strong  lodes  accompanied  by  numerous  smaller,  nearly  parallel, 
fissures,  the  rock  being  conspicuously  sheeted.  These  associated  par- 
allel fissures  ai*e  particularly  abundant  in  the  N.  25°  W.  system,  as  seen 
on  the  southern  declivity  of  the  mountain,  in  the  vicinity  of  the  Veta 
Madre  mine.  They  are  generally  nearly  vertical,  and  rather  closely 
spaced,  a  foot  or  less  apart.  They  are  usually  occupied  by  small 
veins  which  sometimes  carry  ore  minerals,  chiefly  galena,  sphalerite, 
and  chalcopyrite,  but  which  are  seldom  large  enough  or  rich  enough 
to  be  worked. 

Another  area  within  which  the  fissures  exhibit  striking  parallel 
coordination  is  on  Treasure  Mountain  and  at  the  head  of  Placer  Gulch. 
The  dominant  northeast -southwest  fissure  system  of  this  portion  of 
the  quadrangle  is  exemplified  by  a  series  of  strong,  persistent  lodes, 
represented  by  the  Sunnyside  and  Scotia,  with  a  general  course  of 
about  N.  40°  E.  The  dip  of  these  is  southwesterly  at  high  angles.  A 
second  system  of  shorter,  less  conspicuous  fractures  crosses  the  first 
series  almost  at  right  angles,  with  a  general  course  of  about  N.  55°  W. 
These  fissures  are  nearly  vertical,  but  the  majority  of  them  dip  south- 
west at  high  angles.  In  their  trends  these  fractures  belong  with  the 
system  of  northwest-southeast  fissures  already  recognized  as  a  system 
chaiacteristic  of  the  quadrangle  as  a  whole.  It  is  interesting  to  note 
that  here,  however,  they  are  not,  as  in  the  Silver  Lake  Basin,  the 
niastei-  fissures,  but  are  short,  transverse,  relatively  unimportant  f rac- 
tures,  forming  a  nearly  rectangular  network  with  the  strong,  contin- 
uous northeast-southwest  lodes.  A  third  local  system  of  transverse 
veins,  represented  by  the  Golden  Fleece,  has  a  course  of  about  N. 
75°  E.,  with  usually  steep  southerly  dip.  Still  a  fourth  set  of  very 
prominent  lodes  is  exposed  at  the  head  of  Placer  Gulch,  with  an 
average  strike  of  about  N.  25°  E.     Their  dips  are  usually  steep  and 
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eastcM'ly.  There  «aro  scleral  otlier  lissures  in  tliis  vicinity  whieli  do  not 
strictly  belong  with  any  of  the  systems  noted.  Several  have  a  nearly 
east-and-west  strike,  and  might,  perhaps,  Ik?  grouped  together  or 
possibly  included  with  veins  of  the  Golden  Fleece  system. 

In  the  canyon  of  the  Cncompahgre,  north  of  Mount  Abrams,  the 
thick  masses  of  San  Juan  In-iM'cia  and  the  underlying  Algonkian  schists 
and  quartzites  are  cut  by  numerous  nearly  parallel  fissures  with  a 
general  trend  of  about  N.  o""  AV.  and  a  dip  of  about  80'  to  S.v  to  the 
east.  These  fractures,  which  do  not,  as  a  rule,  contain  prominent 
veins,  have  divided  the  San  Juan  breccia  into  huge,  nearly  vertical 
slabs  (PL  VII),  a!»d  have  there])y  contributed  to  tiie  preservation  of 
the  lofty  cliff  faces  of  this  part  of  the  canyon.  A  second,  less  promi- 
nent, system  of  fissures,  usually  carrying  quartz  stringers,  has  a 
general  strike  of  alxnit  N.  G<>"  W. 

At  the  head  of  Porphyry  Gulch,  near  the  western  bonier  of  the 
quadrangle,  the  Potosi  rhyolite  and  underlying  Silverton  series  are 
travers**d  by  a  conspicuous  series  of  nearly  veitical  fissures,  striking 
N   8°  W.,  which  do  not  contain  workable  ore  bodies,  so  far  as  known. 

A  similar  series  of  fissures  is  also  very  prominently  shown  in  the 
steep  walls  of  Canyon  Creek  northeast  of  the  mouth  of  Richmond 
Basin.  The  general  strike  of  these  fissures  appeai-s  to  \m}  about  X. 
35^  W.,  and  they  usually  dip  steeply  to  the  northeast.  They  l>elong 
genetically  with  the  northwest -southeast  system  of  UkIcs  as  developed 
in  Silver  Lake  and  Hichmon<l  basins.  So  far  as  is  known  they  do  not 
carry  any  workable  on*  bo<lies. 

On  the  eastern  siile  of  Ironton  Park  an*  seveial  fi.ssures  having  a 
general  northeast -southwest  course  and  a  steep  southeasterly  dip. 
Their  formation  was  accompanied  by  considerable  normal  faulting. 

The  parallel  coordinateil  fissures  or  sheeted  zone*<  hitherto  descril>eil 
all  possess  considerable  width  and  are  charactei-ized  by  the  division 
of  the  country  rock  into  slabs  of  relatively  great  thicknt»ssas  compareil 
with  the  resulting  tissun^s.  I>ut  this  is  nt»t  always  the  casi\  The 
fissures  may  sometimes  be  very  small  and  also  yi^vy  elo.sely  spaceil,  as 
in  the  col  separating  Lake  Como  from  C<Muent  Creek,  where  the  thor- 
ough manner  in  which  tiie  rock,  a  much-altered  aiidesite  or  rhyolite, 
has  been  sheeted  is  beautifully  shown.  This  minor  sheeting  is  gen- 
erally parallel  in  strike  with  the  larger  lodes  in  the  vi<-inity,  and  i\X 
tlu*  particular  point  where  best  shown  the  fractun*  planes  dip  west- 
erly at  about  •'»«'.  As  many  as  lifty  sucli  planes  may  rre(|uently  lx» 
counttMl  within  the  width  of  a  f<M»t.  TIumc  lia>  been  some  intiltration 
of  siliea  ahuig  these  minute  tissun»s,  whieh  rausrs  tlieiu  to  stand  out 
on  weathered  surfaces  as  little  parallel  rib>.  The  l<»eal  strike  of  this 
sheeting  is  about  \.  .'»o  K..  but  it  is  sometime^  disturbed  by  irregular 
lattM*  ciM»s>  fra<*tures.  No  ivgularity  or  rhythm  <'ouM  b»'  <letected  in 
their  spacing. 

.S>/;2ctijnes  several   nearly  i)arallel  fissures  of  considerable  extent, 
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originally  containing  open  spaces  ranging  from  a  few  inches  to  a  foot 
or  more  in  width,  ocenr  closely  spaced  within  a  comparatively  narrow 
zone  bounded  by  less  fractured  country  rock.  Such  a  sheeted  zone 
forms  a  favorable  place  for  the  deposition  of  ore  bodies,  and,  as  will 
be  shown  later,  the  Camp  Bird,  Tomboy,  and  other  lodes  are  chiefly 
of  this  type,  illustrated  in  figs.  0  and  14.  Coordinate  fractures  of  this 
simple  character,  in  which  the  individual  fissures  maintain  their  indi- 
viduality and  essential  parallelism  for  long  distances,  may  pass  with- 
out any  line  of  demarcation  into  groups  of  fissures  of  the  linked  type, 
in  which  the  nearly  parallel  fissures  are  arranged  more  or  less  en 
Echelon  and  connected  by  smaller  oblique  fractures.  This  structure 
is  exemplified  to  some  extent  in  the  Tomboy  mine,  but  is  not  a  com- 


FUt.  2.— Horizontal  sketch  project iou  of  tho  produotive  UxieH  weHt  of  Silver  Lake. 


mon  one  in  the  Silverton  quadrangle.  With  a  still  further  shortening 
of  the  principal  parallel  fissures  and  an  increase  in  the  number  and 
size  of  the  linking  fractures  Ihe  fissure  zone  becomes  a  reticulated 
aggregation  of  irregular,  curving  fractures,  which,  when  filled  with 
ore,  constitute  what  may  be  conveniently  termed  a  stringer  lode.  Of 
this  class  is  the  North  Star  (King  Solomon)  lode.  Finally,  with  yet 
greater  increase  in  the  number  and  irregularity  of  the  fissuring,  this 
type  of  fissure  zone  passes  by  insensible  gradations  into  a  breccia 
zone,  such  as  a  portion,  at  least,  of  the  Polar  Star  lode. 

Thus  far  the  discussion  has  dealt  with  the  parallel  coordination  of 
fissures  into  minor  sj'stems  and  with  the  st€ps  by  which  such  groups 
of  fissures,  when  confined  to  rather  narrow  zones,  may  pass  into  other 
less  regular  structures  commonly  associated  with  the  deposition  of 
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ore  in  lodes.  It  reiuaiiiH  to  consider  another  manner  in  which  the  fis- 
sures of  tliis  region  are  sometimes  locally  grouped,  not  in  parallel, 
but  in  more  or  less  mdial,  or,  perhaps  more  accurately,  branching, 
arrangement.  This  feature  is  well  shown  by  the  loiles  of  Silver  Lake 
Basin.  The  accomjianying  diagram  (fig.  2)  is  a  horizontal  sket<;h  pro-  ' 
jection  of  the  productive  fissures  worked  in  the  Silver  Lake  and  Iowa 
mines,  compiled  from  maps  of  the  underground  workings.  The  rela- 
tions of  the  IcKles  here  shown  slyg  described  on  pp.  148-140,  and  it  is 
only  necessary  in  this  place  to  call  attention  to  the  branching  arrange- 
ment of  the  fissures  and  to  the  fact  that  all  these  lodes  appear  to  have 
been  formed  at  the  same  time.  Another  case  of  conspicuous  branch- 
ing occurs  at  the  head  of  Placer  Gulch,  where  several  lodes  having 
an  average  strike  of  about  N.  io"  E.  split  off  from  the  main  Sunnyside 
lode.  The  junctions  in  this  case  have  not  l>een  exposed  undergi*ound, 
but  from  the  similar  character  of  their  filling  it  is  highly  probable 
that  these  fissures,  like  those  of  Silver  Lake  Basin,  w^ere  all  filled 
at  the  same  time,  and  were  therefore  probably  formed  practically 
simultaneously. 

Still  a  third  and  interesting  case  of  branching  fissures  is  that  at 
Lake  Como,  partially  and  somewhat  diagrammatically  i*epresented  on 
the  map  (PI.  III).  A  view  of  some  of  tjiese  lo<les  is  shown  in  PI.  VIIL 
In  this  instance,  again,  the  loiles  are  all  of  similar  character  and  all 
appear  to  have  been  formed  contemporaneously. 

Anollier  mode  of  coordination  sometimes  observed  in  groups  of  As- 
suivs  is  that  which  Lindgren,^  following  Daubree,  has  described 
under  the  name  of  conjugated  fissures — i.  e.,  in  the  particular  region 
described  by  Lindgren,  fissures  having  generally  parallel  strikes  1)ut 
dipping  symmetrically  in  opposite  directions.  In  the  Silverton  qiuid- 
rangle,  however,  the  fissures  usually  stand  so  nearly  vertical  that 
such  a  relation,  if  it  (»xists,  can  not  be  cl(»arly  niadci  out.  The  differ- 
ence of  dij),  which  would  determine  to  which  subdivision  of  such 
a  conjugated  system  any  given  fracture  would  belong,  is  so  slight, 
and  may  be  so  frequently  found  in  various  portions  of  one  and  the 
same  fracture,  that  it  does  not  seem  practicable  lo  recognize  such 
systems.  The  low  angle  oT  dip  at  which  most  of  the  Grass  Valley 
and  Nevada  City  lodes  lie  makes  the  conjugated  chai-acter  of  the 
fissure  systems  i-eadily  recognizable.  It  is  to  l)e  iiot(Hl,  however, 
that  ill  such  conjugated  fissures  as  those  above  dc'scribed  it  is 
assuiiKMl  that  the  rocks,  in  fracturing  under  taiiirential  stress,  yielded 
in  a  vertical  din»ction,  and  that  the  prisms  const^iiiient  upon  the 
rupturing  lie  horizontal.  But  it  is  obvious  that  if,  for  some  cause, 
the  rocks  could  yield  more  easily  in  a  horizontal  diivct ion,  at  right 
angles  to  the  din^ction  of  thrust,  then  the  resulting  prisms  would 
stand  vertical  and  the  conjugate  fissures  would,  in  this  case,  form  two 
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Assuring  within  the  various  volcanic  rocks  of  the  quadrangle.  It  is 
very  rarely  possible  to  study  in  any  one  mine  the  passage  of  a  given 
fissure  from  one  rock  into  rock  of  a  different  sort,  and  thus  the  kind 
of  observations  which  could  best  establish  such  characteristic  differ- 
ences, if  they  exist,  is  wanting.  The  massive  lavas  and  indurated 
flow-breccias  seems  to  have  a  general  tendency  toward  comparatively 
simple  Assuring,  such  as  results  in  fissure  veins  of  moderate  size  and 
regularity  or  in  sheeted  zones.  In  the  softer  tuffs  and  volcanic  brec- 
cias the  Assuring  tends  to  be  irregular,  resulting  in  stringer  or  breccia 
lodes.  Irregular  fissuring  appears  to  be  favored  also  by  alternations 
of  harder  and  softer  members  of  the  nearly  horizontal  volcanic 
series,  as  at  the  North  Star  (King  Solomon)  mine.  In  this  instance 
the  softer  rocks  were  regardod  by  the  minei*s  as  the  moi*e  favorable 
for  ore.  According  to  Purington,*  in  the  northeast  corner  of  the 
Telluride  quadrangle  the  fissures  passing  from  the  San  Juan  formation 
and  massive  andesite  up  into  the  Potosi  rhyolite  series  contain  there 
less  ore,  and  appear  to  have  originally  formed  with  less  open  space 
than  in  the  underlying  andesitic  rocks.  There  are  no  workings  in  the 
Silverton  quadrangle  which  afford  an  opportunity  to  verify  this  state- 
ment, but  the  Potosi  rhyolite  is  generally  regarded  by  the  miners  as 
unfavorable  to  ore  in  the  region  where  it  prevails.  Near  the  head  of 
Porphyry  Gulch,  however,  a  vein  carrying  galena  and  sphalerite  ore 
up  to  10  inches  in  width  has  been  prospected  in  the  Potosi  rhyolite. 
The  vein  strikes  N.  50"  E.  It  can  be  followed  for  a  short  distance  to 
the  southwest,  over  the  bare  rhyolitic  surface,  when  it  either  dies  out 
or  is  cut  off  by  a  numerous  series  of  small,  nearly  east-and-west  frac- 
tures filled  with  whit^  quartz  and  often  showing  excellent  illustrations 
of  linked- vein  structure  on  a  small  scale. 

In  the  intrusive  stocks  of  monzonite,  such  as  that  of  Sultan  Moun- 
tain, the  fissures  are,  as  a  rule,  of  simple  regular  character  and 
moderate  width.  They  are  usually  occupied  by  fairly  simple  fissure 
veins,  subject  to  local  contractions  or  enlargements,  but  seldom  lose 
their  simple  linear  character.  As  examples,  may  be  cited  the  fissures 
of  the  North  Star,  Hercules,  and  Little  Dora  veins  in  Sultan  Moun- 
tain, and  of  the  Hamlet  vein  near  Middleton. 

The  foregoing  generalizations  are  admittedly  based  upon  scanty 
data,  and  are  to  be  considered  rather  as  suggestions  indicating  lines 
of  future  inquiry  than  as  authoritative  statements  of  facts. 

As  a  rule,  local  geological  structure  has  had  vi'vy  little  discovera- 
ble influence  upon  the  fissuring.  The  lack  of  any  regular  I'elation 
between  fissures  and  schistosity  has  already  been  pointed  out.  Con- 
tacts l)etW(MMi  rocks  of  difTen^nt  kinds  and  ages  also  appear  to  have 
had  but  little  effect  upcn  the  fi*acturing  and  suhseciuent  veining. 
This  is  partly  due  to  the  fact  that  the  contacts  are  frequently  nearly 
honzonXn],  while  the  fissuring  took  place  along  nearly  V(M*tical  ])lanes. 
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Stnireh  was  made  in  Cunningham  Guleh,  along  the  Uncompahgre, 
and  at  other  points  for  any  evidence  of  the  divei'sion  of  fractures  and 
mineralizing  solutions  along  the  contact  of  the  older  schistose  terrane 
with  the  volcanic  series,  but  with  negative  results. 

Lines  of  fissuring  in  this  region  are  occasionally  determined  by 
igneous  dikes.  Thus  the  Magnolia,  a  superficially  pro8pected  north- 
west-southeast lode  just  northeast  of  Silver  Lake,  follows  for  some 
distance  an  andesitic  dike  about  6  feet  wide  which  curves  across  the 
irulch  toward  Round  Mountain.  Both  this  dike  and  a  larger  one 
which  crosses  it  are  irregularly  fissured  and  traversed  by  poorly 
mineralized  quartz  stringers  along  the  greater  part  of  their  exposed 
lengths.  A  similar  occurrence  was  noted  on  the  south  side  of  Ken- 
dall Gulch  about  a  mile  a  little  east  of  south  from  Kendall  Moun- 
tain, where  a  vein  about  G  inches  wide  lies  on  the  south  side  of  a 
nearly  east-and-west  andesitic  dike.  None  of  these  fissures  have  yet 
proved  of  much  economic  importance. 

DISPLACEMENT    OR    FAULTING    AS    AN    ACCOMPANIMENT    OF    THE 

FISSURING. 

In  a  few  cases  only,  and  those  of  relatively  unimportant  lodes,  has 
tangential  dislocation  been  detected  as  a  consequence  or  accompani- 
ment of  the  original  fissuring.  The  abandoned  Moles  mine,  3  miles 
south  of  Silverton,  is  on  a  vein  about  2  feet  wide  which  apparently 
tills  a  fault  fissure  of  noticeable  throw.  The  head  of  Deer  Park 
Creek  is  crossed  by  a  nearly  north-and-soutlj  fault,  with  the  down- 
throw on  the  west  side,  which  is  accompanied  by  some  brecciation 
and  veining  of  the  schists  along  the  fracture  and  with  unimportant 
mineralization. 

On  the  eastern  side  of  Ironton  Park,  as  shown  in  the  Saratoga  and 
Baltic  mines,  the  formation  of  a  parallel  series  of  approximately 
northeast-southwest  fissures  has  been  accompanied  by  obvious  fault- 
ing. These  fissures,  as  a  rule,  dip  steeply  to  the  southeast.  In  all 
eases  where  it  could  be  made  out  the  faulting  is  normal,  and  the 
maximum  throw,  as  observed  on  the  Mono  vein,  can  hardly  be  less 
than  100  feet.     This  fissure  carries  a  body  of  low-grade  pyritic  ore. 

lu  the  northeastern  portion  of  the  quadrangle  the  field  work  of 
M(»ssis.  Cross  and  Spencer  apj^ears  to  demand  considerable  faulting 
along  some  of  the  prominent  vein  fissures.  But  as  there  are  no  exten- 
sive underground  workings  in  this  portion  of  the  area  the  evidences 
of  such  faulting  did  not  come  under  my  observation. 

Notwithstanding  the  foregoing  exceptions,  it  remains  true  that  such 
dis[)lHeement  as  occurred  in  connection  with  the  formation  of  most  ol 
the  i)iincipal  productive  lodes  was  slight  in  amount,  although  proba- 
bly not  wholly  absent.  Moreover,  the  peculiar  branching  aiTange- 
meiit  of  many  of  the  fissures,  described  on  page  52,  and  their  disposition 
en  echelon,  as  in  the  Silver  Lake  and  Iowa  mines  (p,  157\.j^<i\\.V^'^^^^^ss. 
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opposed  to  the  idea  that  any  considerable  tangential  displacement  of 
the  walls  had  taken  place  during  their  opening.  In  the  King  lode,  south 
of  Silverton,  and  in  other  fissures  cutting  the  schists,  there  is  no  recog- 
nizable displacement  or  throw  of  the  individual  schistose  bands  by  the 
Assuring.  Slickensiding  of  the  fissure  walls  prior  to  the  deposition  of 
the  ore  has  been  nowhere  recognized.  In  the  Telluride  quadrangle, 
where  the  occurrence  of  workable  lodes  in  nearly  horizontal  sediments 
gives  better  opportunities  than  are  usually  available  in  the  Silverton 
area  for  detecting  and  measuring  displacement,  Purington  ^  evidently 
saw  little  clear  evidence  of  it.  Beyond  recording  a  vertical  separation 
of  1  foot  by  normal  faulting  in  the  San  Bernardo  mine,  and  conclud- 
ing from  the  shape  of  the  ore  bodies  of  the  Virginius  and  Smuggler- 
Union  mines  that  the  spaces  they  occupy  were  probably  formed  by 
faulting  of  the  same  kind,  he  makes  no  further  reference  to  faulting 
as  accompanying  the  formation  of  the  ore-bearing  fissures,  altliough 
pointing  out  the  desirability  of  future  study  in  this  direction.  In 
nearly  horizontal  rocks  faulting  in  which  the  movement  is  confined 
chiefly  to  the  horizontal  component  (offset  or  heave)  is  not  readily 
detected  when  of  small  amount,  and  was  noted  only  in  the  few  cases  in 
which  later-filled  fissures  have  cut  productive  lodes,  displacing  the 
latter. 

The  absence  of  considerable  displacement  as  an  accompaniment  of 
the  opening  of  lode  fissures  is  not  a  special  peculiarity  of  the  Silverton 
quadrangle,  but  is  of  very  common  occurrence.  In  fact,  it  seems  to 
be  comparatively  rare  to  find  more  than  very  moderate  faulting  in 
fissures  which  have  formed  productive  lodes. ^ 

INTERSECTIONS   AND   RELATIVE   AGES   OF   FISSURES. 

In  a  region  where  the  fractures  are  so  numerous  and  possess  such 
diverse  trends  intersections  must  necessarily  l>e  uf  frequent  occur- 
rence. But  as  veins  at  sucii  points  are  particularly  susceptible  to 
disturbance  by  later  movements  of  the  rocks  and  to  superficial  disin- 
tegration, the  study  of  these  intersections  is  often  diificult.  The  pres- 
ence of  seams  of  clay  or  gouge,  due  to  these  later  or  postmineral 
movements  and  the  entrance  of  oxidizing  waters,  may  so  obscure  the 
original  relationshi])  at  the  junction  of  two  fissures  as  to  render  any 
conclusive  determination  of  relative  age  impossible  when  no  conspicu- 
ous faulting  of  one  of  tlie  fissures  has  taken  place  to  give  the  desii'cd 
information. 

In  many  cases  in  tiie  Silverton  quadrangle  interseetinir  fissures  have 
been  formed  nearly  or  quite  simultaneously  and  filled  by  one  process 
of  vein  deposition.  This  is  true  of  the  assemblage  of  branching  fis- 
sures worked  in  the  Silver  Lake  and  Iowa  mines,  and  i)rol)ably  so  of 
the  Placer  Gulcii  and  Lake  Conio  fissures.     It   is  also  i)ossil)Ie  that 
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many  of  the  fissures  intersecting  nearly  at  right  angles  (conjugate 
fissures)  were  produced  by  a  single  principal  stress.  In  the  greater 
number  of  instances,  however,  in  which  lodes  are  known  to  intei'sect, 
the  exposures  are  such  as  leave  the  actual  character  of  the  crossing 
and  the  relative  ages  of  the  fissures  in  doubt.  They  may  or  may  not 
have  been  simultaneously  formed. 

Fairly  clear  evidence  of  the  intersection  of  an  earlier  vein-filled 
fissuiv  by  a  later  one  without  recognizable  faulting  was  obtained  at 
several  points.  The  prominent  lode  outcropping  along  the  crest  of 
Green  Mountain  crosses  and  is  distinctly  younger  than  a  strong  vein 
of  barren  quartz,  about  10  feet  wide,  which  is  accompanied  by  several 
parallel  minor  veins  and  strikes  about  N.  60°  E.,  dipping  80°  to  85° 
southeasterly.  The  younger  lode  has  a  general  strike  of  about  N.  30° 
W.  and  a  steep  southwesterly  dip.  The  intersection  is  thus  approxi- 
mately rectangular,  and  is  not  accompanied  by  faulting,  so  far  as 
could  be  seen.  In  the  complex  network  of  Galena  Mountain  it  was 
found  that  at  least  one  of  the  several  north-and-south  veins  was  cut 
by  at  least  one  of  the  numerous  veins  striking  nearly  N.  25°  W.,  and 
these  in  tui*n  are  apparently  intersected  in  several  instances  by  lodes 
trending  about  N.  65°  W.  One  of  the  latter  was  also  observed  to  cut 
a  lode  striking  about  N.  30°  E.  In  none  of  the  cases  mentioned  was 
tlie  intersection  accompanied  by  visible  results  of  faulting.  Other 
probable  examples  of  northwest  lodes  cutting  northeast  lodes  occur 
on  Treasure  Mountain,  but  the  exposures  were  not  such  as  to  place 
the  question  of  relative  age  beyond  doubt. 

The  shaft  of  the  San  Juan  Chief  mine  was  sunk  at  the  crossing  of 
two  lodes,  but  it  is  by  no  means  clear  that  they  are  of  different  age. 
The  main  lode,  striking  about  N.  40°  E.,  formerly  produced  some  ore 
from  surface  workings.  The  fact  that  in  their  underground  develop- 
ment the  owners  of  the  mine  appear  to  have  inadvertently  drifted 
along  the  barren  intei'secting  lode,  striking  about  N.  60°  E.,  is  the 
only  indication  that  the  latter  may  be  younger. 

In  three  places  only  were  lodes  found  to  be  faulted  by  later  trans- 
verse vein-filled  fissui'es.  The  King  lode,  in  Cataract  Gulch,  2  miles 
south  of  Silverton,  with  a  strike  of  N.  6°  W.  and  a  dip  of  about  80° 
to  the  west,  is  faulted  by  a  small  approximately  east-and-west  quartz 
vein,  dipping  south  at  about  50''.  By  this  faulting  the  northern  portion 
of  the  King  lode  is  thrown  about  12  feet  to  the  westward.  In  the 
Silver  Lake  mine  the  important  New  York  City  vein,  with  an  average 
strike  of  about  N.  20°  W.,  and  dipping  generally  northeast  at  about 
so^,  is  cut  by  a  faulting  lode,  which,  where  best  exposed,  is  a  breccia 
zone  al)out  ^)  feet  wide,  composed  of  sharply  angular  fragments  of 
eountry  i-oek  cemented  by  quartz  carrying  a  little  worthless  ore. 
This  fault  fissure  strikes  apparently  about  N.  73°  E.  and  dips  about 
75''  to  the  soutli.  The  New  York  City  vein  is  displaced  in  the  same 
way  and  to  about  the  same  degree  as  the  King  lode.     In  the  RidgwaY 
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mine  the  main  lode,  with  a  strike  of  al)oiit  N.  40''  E.,  is  faulted  by  the 
Alaska  lode,  with  an  average  stnke  of  about  X.  25°  AV.  The  fault 
here  is  apparently  of  the  same  kind  as  those  justdeseril^ed — an  offset 
of  the  northern  portion  of  the  main  lode  to  the  westward,  but  the 
developments  in  the  Ridgway  mine  were  not  sufficiently  extensive  in 
1899  to  clearly  show  the  relations.  It  is  interesting  to  find  that  the 
three  observed  cases  of  faulting  of  one  lode  by  another  are  of  like 
character.  In  each  case  the  lode  running  most  nearly  north  and 
south  has  been  faulted  by  barren  or  low-grade  lodes  trending  more 
nearly  east  and  west.  While  the  number  of  observations  is  at 
present  too  small  to  serve  for  the  formulation  of  a  general  rule  for 
the  quadrangle,  their  unanimity  is  suggestive  of  the  possibility  that 
such  a  rule  may  be  laid  down  in  the  future.  Even  now,  in  the  event 
that  a  productive  lode  in  the  southeastern  portion  of  the  (luadrangle 
should  be  found,  on  drifting  northward,  to  be  cutoff  by  aniore  nearly 
east-and-west  lode  with  southerly  dip,  the  miner,  in  the  absence  of 
other  clues,  is  not  utterly  at  a  loss,  but  .may  reasonably  hope  to 
regain  his  ore  by  crosscutting  westward  after  drifting  beyond  the 
interruption. 

That,  after  the  original  deposition  of  the  important  ore  bodies, 
there  was  at  least  one  period  of  minor  Assuring,  followed  by  fresh 
deposition  of  quartz,  is  abundantly  shown  in  many  of  the  lodes  of  the 
region.  Thus,  in  the  Royal  Tiger,  the  Dives,  the  Tom  Moore,  the 
Sunuyside,  the  Red  Cloud,  the  Polar  Star,  and  various  other  mines 
and  prosi>ects  the  original  ore  has  been  fissui-ed  or  brecciated,  and 
subsequently  healed  with  generally  barren  or  low-grade  quartz.  In 
the  Tom  Moore  the  later  veinlets  are  notable  in  carrying  small 
amounts  of  native  copper  in  the  quartz.  This  later  fracturing  is  not 
always  conspicuous,  but  sumll  stringers  of  quartz,  sometimes  with 
rhodonite  and  carboimtes,  can  usually  be  detected  cutting  the  ore  when 
the  latter  is  examined  in  considerable  masses.  This  is  by  no  means 
a  rare  phenomenon  in  lodes  in  general,  which  are  in  most  eases  com- 
plex structures,  resulting  from  successive  fissurings  and  fillings. 
Such  complexity,  other  conditions  being  the  same,  is  more  likely  to 
be  prominent  in  lodes  of  which  the  initial  fractures  were  opened  at 
an  early  geological  period.  The  lodes  of  the  Silvertou  (quadrangle 
show  much  less  evidence  of  repeated  movements  and  filling  than  do 
the  aurif(M'ous  lodes  of  the  Sierra  Nevada,  which  weiv  probably  ini- 
tiated at  the  close  of  the  Jurassic  or  in  t^arly  Cretaceous  time. 

Still  younger  than  any  of  the  fractures  hitherto  described  are  numer- 
ous (issures,  usually  noticeable  only  in  mine  workings  in  which  neither 
([uartz  nor  ore  has  been  deposited.  These  are  the  ''slips,"'  '\t»()Uge 
seams,"  or  ''breaks''  of  th<*  miners.  As  these  names  partly  indicate, 
the  fissures  are  generally  filled  with  a  wet,  i)lastic,  grayisli  clay,  or 
jLr()u^i\  wliicli  is,  as  a  rule,  merely  alterc^l  and  gi-onnd-up  country  rock, 
r(\snltiiiij:  from  tlic  attrition  of  the  fissure  Avails.  The  i)resence  of  this 
inctuous  L^tjULCr,  w'ijcn  sharply  lin\\\eA  \w  \\vvvvVn*  *.-o\v\\\y\  Yv>^»k  or  vein 
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filling,  is  taken  to  indicate  relative  movement  of  the  walls,  not  neces- 
sarily resulting  in  any  great  net  displacement.  In  other  words,  they 
are  fault  planes  of  greater  or  less  movement,  possibly  oscillatory.  The 
width  of  these  post-mineral  fractures,  as  they  are  sometimes  con- 
veniently called,  may  vary  from  a  narrow,  scarcely  noticeable  clay 
seam,  up  to  zones  12  feet  or  more  in  width,  in  which  the  gouge  is 
mingled  with  masses  of  shattered  country  rock,  and  of  which  the  most 
notable  example  is  found  in  the  zone  of  so-called  ''broken  ground'^ 
in  tlie  Silver  Lake  mine  (seep.  154).  Occasionally  the  fine  clayey  mate- 
rial is  lacking  and  the  fracture  is  the  course  of  a  copious  stream  of 
water.  Such  a  fissui*e  was  encountered  in  the  Silver  Lake  mine  in 
crosscutting  to  the  New  York  City  vein  on  level  C,  and  the  same  or  a 
similar  water-lx^aring  fracture  was  subsequently  cut  in  the  Unity  tun- 
nel alx)ut  4(K)  feet  lower.  Since  these  i)Ost-mineral  fractui'es  can  be 
studied,  as  a  rule,  only  in  the  vicinity  of  the  lodes,  and  as  they  are 
frequently  directly  connected  with  the  latter,  they  may  be  conven- 
iently classed  as  follows: 

(1)  Strike  fraclv res  {jeneralUj  lyarallel  with  the  lode. — These  are  most 
commonly  seen  as  gouges  next  the  hanging  or  foot  wall  or  in  the 
country  rock  near  to  and  approximately  parallel  with  the  lode  in  strike 
and  dip.  Gouge  seams  of  this  class,  although  not  generally  charac- 
teristic of  the  lodes  of  the  Silverton  quadrangle,  are  frequently  well 
exhibited.  They  are  found  on  ]x)th  foot  and  hanging  wall  of  the  Silver 
Lake  lode,  particularly  the  latter,  and  also  in  the  country  rock  for  a 
distance  of  several  feet  on  either  side  of  the  main  fissure.  When  such 
later  fractures  have  followed  a  previously  existing  vein  or  stringer 
tliey  usually  contain  crushed  vein  quartz  mingled  with  the  gouge. 

(2)  Strike  fractures  (lipping  at  considerable  angles  with  tlie  lode. — 
These  are  not  so  common  as  the  foregoing,  but  sometimes  occur.  The 
ore  in  this  case  will  be  found  to  rest  locally  on  a  bench  or  step  of 
country  rock,  separated  from  the  latter  by  a  clay  seam  of  varying 
thickness.  An  example  of  this  structure  was  noted  in  a  stope  on  the 
Silver  Lake  lode  (see  p.  lo:2,  fig.  11).  Such  an  occurrence  needs  to  be 
carefully  distinguished  from  the  steps  or  benches  of  ore  formed  by  the 
original  opening  of  a  somewhat  irregular  fissure  by  thrust  faulting. 
In  this  case  tlieie  should  normally  be  no  gouge  between  the  ore  and 
the  country  rock  ui)on  which  it  rests. 

(S)  Cross  fractures  differing  from  the  lode  in  both  strike  and  dip^ 
(i/t<l  cuffitHj  it  at  an  appreciable  angle, — These  are  observed  in  nearly 
all  extensive  workings,  and  are  sometimes  fairly  abundant  and  regu- 
lar, as  in  the  case  of  those  which  cut  the  Silver  Lake  lode  (p.  151). 

l>esidcs  th(»  three  classes  noted,  various  irregular  fractures  occur  in 
almost  all  lodes  which  can  not  be  definitely  grouped. 

The  i)()st-miueral  fractures  are  simply  of  local  importance  to  indi- 
vidual (ici)osits,  and  it  has  not  proved  practicable  to  discuss  and 
classify  ihem  with  reference  to  the  quadrangle  as  a  whole.     T^-**** 
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possible  bearing  upon  secondary  enrichment  of  the  primary  ore 
deposits  will  be  discussed  in  another  part  of  this  report. 

To  briefly  recapitulate,  while  many  of  the  fissures  in  the  Silverton 
quadrangle,  including  some  which  differ  widely  in  direction,  were 
formed  at  substantially  the  same  time,  there  have  been  later  periods 
of  Assuring,  also  followed  bj'  vein  deposition.  The  oldest  fissures 
known  have  a  course  somewhat  east  of  north,  and  appear  lo  have 
been  successively  cut  by  lat^r  fissures  approaching  more  and  moi*e  to 
an  east-and-west  strike.  This  generalization,  however,  should  not  be 
taken  too  rigidly,  as  it  is  veiy  probable  that  whenever  a  prominent 
set  of  nearly  parallel  fissures  were  formed,  other  fissures  intersecting 
the  dominant  set  at  various  angles  were  produced  at  the  same  time. 
Lastlj',  there  has  been  fissuring  not  followed,  ae  far  as  known,  by  any 
deposition  of  quartz  or  ore  in  the  resulting  fractures. 

The  evidence  afforded  by  the  intereections  as  to  the  possible  conju- 
gate character  of  the  dominant  northeast-southwest  and  northwest- 
southeast  fissures  is  unfortunately  inadequate,  owing  to  lack  of  satis- 
factory exposures  of  such  junctions  to  determine  the  question  one 
way  or  the  other. 

GEOLOGICAL   AGE   OP  THE   FISSURES. 

Beyond  the  statement  that  the  ore-bearing  fissures  of  the  Silverton 
quadrangle  are  of  Tertiarj'  and  probablj'  of  late  Tertiary  age,  it  is 
not  at  present  possible  to  fix  the  exact  geological  time  at  which  the 
first  considerable  fracturing  took  place.  More  precise  knowledge 
waits  upon  a  determination  of  the  exact  age  of  the  Telluride  conglom- 
erate and  the  San  .Juan  and  later  volcanic  formations.  The  Telluride 
formation,  which,  when  present,  underlies  the  volcanic  rocks,  has 
been  provisionally  referred  to  the  Eocene  by  Cross.'  It  is  difficult  to 
conceive  of  its  being  older  than  this,  as  it  has  ])een  found  by  Cross  to 
rest  unconformably  on  the  Colorado  Cretaceous  shales.  Tlie  Telluride 
formation  and  the  younger  volcanic  series  have  been  cut  by  several 
great  intrusive  masses  of  monzonite,  sncli  as  the  Sultan  Mountain 
stock,  which  is  thus  the  most  recent  rock  in  the  qua<lranglc  and  can 
hardl}'  be  older  than  the  Neocene.  Since  the  lodes  occur  in  the  mon- 
zonite as  well  as  in  other  rocks  of  the  area,  theii*  formation  prob- 
ably does  not  antedate  the  latter  part  of  the  Tertiary,  and  may, 
indeed,  have  extended  into  the  Pleistocene. 

PROBABLE    DEPTH   AT    WHICH    THE    PORTIONS   OF   THE    FISSURES    NO\V 
EXPOSED    WERE   ORIGINALLY    FORMED. 

According  to  Cross,'^  the  maximum  thickness  of  the  volcanic  rocks 
in  tlie  Telluride  quadrangle  was,  in  round  numbers,  5,00()  feet. 
Owing  to  the  varying  thickness  of  different  members  of  these  series 


' GeoJosrIc  AtJas  V.  S..  folio  57.  Telluride,  Colorado;  also  Pro^\  Colo.  Sci.  Soc.  Vol.  V,  1W*4-1896. 
^Telluride  folin. 
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in  the  Silverton  quadrangle,  no  very  close  estimate  can  be  made  of 
.tHe  average  thickness  of  the  volcanic  accumulations  over  the  quad- 
rangle as  a  whole.  It  may  provisionally  l>e  estimated,  however,  as 
from  5,0(X)  to  6,(X)0  feet.  As  no  traces  of  any  extensive  later  deposits 
have  lieen  found  in  the  San  Juan,  it  may  be  assumed  that  this  thick- 
ness represents  practically  the  total  deposition  from  the  beginning  of 
Tertiary  time.  As  most  of  the  lodes  worked  at  the  present  day  occur 
within  the  volcanic  series,  and  often  from  1,000  to  3,000  feet  above  its 
base,  it  is  evident  that  the  portions  of  the  fractures  now  accessible 
must  have  been  formed  at  geologically  moderate  depths — that  is,  prob- 
ably under  6,000  feet.  When,  further,  it  is  remembered  that  erosion 
proceeded  concurrently  with  the  Assuring  and  probably  made  rapid 
headway  during  the  progress  of  ore  deposition,  it  appears  that  many 
of  the  ore  deposits  must  have  been  formed  well  within  depths  fre- 
quently reached  by  mining  operations.  It  might  be  expected  that 
under  these  circumstances  there  would  be  a  recognizable,  although 
probably  not  very  intimate,  relationship  between  the  ore  as  originally 
deposited  and  the  present  topographic  surface.  The  full  discussion 
of  this  subject,  however,  brings  up  questions  whose  solution  properly 
belongs  in  another  place,  and  which  are  treated  in  the  section  on  the 
origin  of  the  lode  and  stock  ores. 

PERSISTENCE   OF  THE   FISSURES  HORIZONTALLY   AND  IN  DEPTH. 

Fissures  are  not  of  indefinite  extent  either  horizontally  or  vertically. 
No  fixed  limit,  however,  can  be  assigned  to  the  length  which  a  given 
fissure  may  attain.  It  depends  upon  the  magnitude  of  the  stress  that 
produced  the  fissuring  and  upon  the  relativ^e  movement  which  has 
taken  place  between  the  walls.  Great  relative  movement  results  in  a 
long  fissure,  but  as  profound  faulting  appears  to  be  usually  not  favor- 
able to  the  subsequent  formation  of  a  lode,  there  is  a  certain  variable 
limit  l)eyond  which  length  is  to  be  regarded  as  an  unfavorable  factor 
in  the  productiveness  of  a  fissure  lode.  There  are,  however,  certain 
notable  exceptions  to  the  foregoing  general  rule  that  should  not  be 
ignored.  Thus  the  Merri  field -Ural  lode,  near  Nevada  City,  Cal.,  occu- 
pies, according  to  Lindgren,  a  thrust-fault  fissure  of  probably  over 
1,000  feet  throw.  ^  In  the  Silverton  quadrangle  fissures  vary  greatly 
in  length.  Those  having  a  length  of  2  or  3  miles  are  certainly  not 
uncommon,  and  it  is  very  probable  that  some  of  the  fractures  extend 
continuously  for  as  much  as  6  miles.  That  great  length  is  not  neces- 
sary for  the  formation  of  a  productive  deposit  is  shown  by  the  occur- 
rence of  such  lodes  as  the  Iowa,  Steezner,  and  East  Iowa,  which  can 
scarcely  1r»  longer  than  a  quarter  of  a  mile,  and  which  die  out  at  their 
soutliern  ends  in  small  branching  fractures.  The  exact  length  of  a 
fissure  is,  of  course,  rarely  determinable,  as  practical  exploitation  sel- 
dom follows  a  lode  to  its  total  disappearance. 

1  Gold-quartz  veins  of  Nevada  City  and  Grass  Valley  dlHtrlct%\§j«^wi\««ti'Ca  ^coxv.  ^««^n..^  ^"^ 
Geol.  Survey,  Pt.  II,  1898,  p.  167. 
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The  formation  of  fraetuivs  is  limited  vertieally  by  that  deptli  Im^Iow 
which  the  rocks  are  under  snch  pressure  that  no  fissures  can  fo^pii. 
As  the  zone  of  fracture,  according  to  lloskins  and  Van  Ilise,^  has  a 
depth  of  about  10,000  metei-s  (33,000  feet),  and  as  fractures  may  also 
form  in  the  still  deeper  zone  of  combined  flowage  and  fracture,  it  is 
plain  that  this  limit  will  never  be  reached  in  mining  operations.  But 
many  fractures  undoubtedly  die  out  long  before  reaching  this  ulti- 
mate limit.  The  longer  horizontal  and  the  vertical  dimensions  of  the 
fissures  were  probably  originally  nearly  the  same,  and  it  is  not  likely 
that  the  present  depth  of  any  fissure  very  greatly  exceeds  its  length. 
The  depth  will  at  least  be  roughly  proportional  to  length.  But  the 
deptli  to  which  fissures  extend  is  rarely  actually  determined,  as  the 
value  of  the  ore  body  nearly  always  falls  below  the  limit  of  profitable 
working  long  before  the  fissure  itself  disappear.  But  that  many 
smaller  fissures  do  die  out  at  moderate  depths  is  a  well-attested  fact.^ 
In  the  Silverton  quadrangle,  where  mining  development  is  as  yet 
restricted  to  moderate  or  slight  depths,  no  well-authenticated  case  is 
yet  known  of  the  actual  dying  out  in  depth  of  a  fissure  which  carried 
workable  ore  at  a  higher  level.  The  ore  may  change  in  character,  or 
may  disappear,  as  in  the  North  Star  (King  Solomon)  mine,  but  the 
fissure  still  continues  to  an  unknown  depth. 

In  such  instances  as  the  last  many  considerations  enter  into  the 
question  as  to  whether  it  is  advisable  to  follow  the  pinched  fissure  to 
greater  depth  in  the  hope  of  finding  new  ore  ])odies.  The  fii*st  step 
in  such  an  issue  is  to  determine  whether  the  pinch  is  merely  a  con- 
striction in  a  fissure  extending  to  greater  depth  or  wliether  it  signifies 
the  final  diminution  of  the  lode.  This  can  be  decided  only  by  a  care- 
ful consideration  of  the  length  and  strength  of  tiie  fissure  as  exposed 
above,  of  the  possible  faulting  which  accompanied  its  formation,  and 
of  the  behavior  of  the  fissure  in  those  portions  already  mined.  If  the 
length  of  the  croppings  be  several  times  the  depth  attained,  if  the 
fissure  be  usually  strong,  if  it  has  been  oi)ened  by  faulting,  and  if  it 
has  been  I'ound  subject  to  local  pinches  al)ove,  it  may  safely  be  con- 
cluded that  it  will  persist  and  open  out  again  with  increased  depth. 
But  equally  important  is  the  question  of  tin^  chara(*tei-  of  ore  that  may 
be  found  below,  even  if  the  fissure  continue,  for.  as  will  be  fully  dis- 
cussed later  on,  the  ore  contents  of  a  given  fissure  are  not  constant  at 
all  dei)ths,  eitlK^*  in  kind  or  in  value.  Lastly,  in  connection  with  tln^se 
factors  must  be  considered  the  costs  involved  in  mining  tin*  ore  from 
an  increased  <lepth. 

The  foregoing  relates  to  simple  fissures..  Lode>>  in  general  t^xhibit 
similar  characteristics,  but  their  persistency  will  in  the  nuiin  be 
greater  than  that  of  a  simple  iissure.  They  are  subject  to  the  same 
general  la>vs  as  the  individual  fractures  of  which  they  are  eom])Osed. 

"  Princii>k'.s  of  North  American  pre-Cam^riau  geology;  Sixteenth  Ann.  Kept.  L".  S.  GeoL 
Snr%'ey,  Ft.  /,  Jx.'*;,  p.  om. 
^Undgron,  h>c.  cit,  p.  1623. 
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ORIGIN   OF  THE    FISSURES. 

The  attempt  to  explain  the  origin  of  so  complex  a  network  of  fis- 
sures as  occurs  in  the  Si Iverton  quadrangle  presents  many  difficulties. 
No  explanation  that  can  be  at  present  proposed  is  to  be  regarded  as 
complete  or  as  free  from  various  necessary  assumptions.  Our  knowl- 
edge as  to  the  degree  of  homogeneity  of  the  various  rock  masses  linder 
strain,  the  deptli  at  which  the  fissures  were  originally  formed,  theii 
exact  extent,  direction,  and  distribution,  the  geological  conditions 
obtaining  at  the  time  of  Assuring,  and  numerous  other  essential  data 
are  far  too  fragmentary  to  permit  of  anything  like  rigid  analysis  lead- 
ing to  irrefutable  results.  And  yet  the  problem  is  not  so  hopelessly 
insoluble  but  that  it  may  be  reasonably  taken  up  in  the  hoi>e  of  find- 
ing at  least  a  working  hj'pothesis  to  account  for  major  features. 

Fissures  in  which  ore  deposits  occur  are  very  commonly  regarded  as 
produced  by  tangential  compi*essive  stress  transmitted  in  nearly  hori- 
zontal planes  by  the  rocky  envelope  of  the  earth,  within  what  Van 
llise^  has  termed  the  zone  of  fracture,  limited  bj'  a  depth  of  10,000 
meters.  In  many  districts  this  is,  without  much  doubt,  the  immediate 
cause  of  the  fracturing.  Thus,  in  the  Grass  Valley  and  Nevada  City 
region  of  California  the  conjugated  systems  of  flatly  dipping  regular 
lodes,  opened  with  the  accompaniment  of  more  or  less  thrust  faulting, 
were  probably,  as  Lindgren  concludes,  '*  produced  by  a  succession  of 
compressive  stresses  applied  in  different  directions,  chiefly  from  east 
to  west  and  from  north  to  south. '*^ 

In  accounting  for  the  fissures  of  the  Telluride  quadrangle,  Puring- 
ton*^  arrived  at  somewhat  similar  conclusions.     He  slates: 

From  all  observed  phenomena  it  seems  probable  that  the  fissuring  was  made  by 
forces  acting:  at  time  intervals  not  far  apart  and  at  localities  not  far  removed  from 
one  another.  Since  the  fissurinj?  is  later  than  all  the  rocks  of  the  quadrangle 
[Telluride],  volcanic  disturbances  whose  product  is  now  visible  can  not  be  cited 
to  account  for  it,  but  it  is  entirely  possible  that  later  disturbances  of  volcanic 
nature,  which  did  not  result  in  surface  flows  of  lava,  have  produced  a  straining  to 
the  point  of  rupture  in  the  tract  under  consideration.  It  is  thought,  ^vith  great 
reason,  that  in  the  area  directly  east  and  northeast  of  the  Telluride  quadrangle 
there  are  centers  and  necks  of  volcanic  eruption.  Such  evidence  as  has  been  col- 
lected in  the  present  investigation  points  to  those  quarters  as  the  source  from 
which  the  pressure  came. 

Since  the  fissures  of  tlie  Telluride  and  Silverton  quadrangles  were 
formed  at  the  same  time  and  undoubtedly'  had  a  common  origin, 
Pnrington's  results  have  an  important  bearing  on  the  problem  in  hand, 
and  it  becomes  necessary  to  scrutinize  them  closely.  The  geological 
mapping  of  the  Silverton  quadrangle  and  reconnaissances  to  the  north 
of  it,  accomplished  by  Cross  and  Spencer  since  Purington's  report  was 
written,  have  failed  to  identifv  the  actual  ''centers  and  necks  of 


'  Loc.  cit.,  p.  589. 
'Lw.  cit.,  p.  170. 
'Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey.  Pt.  Ill,  1898,  p.  770. 
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volcanic  eruption  "  referred  to  as  the  possible  sources  of  the  compressive 
stresses  supposedly  effective  in  fissurin^  the  rocks  of  the  Telluride 
quadrangle.  There  is,  however,  ground  for  believing  that  there  may 
have  been  local  manifestations  of  volciinism  in  the  Red  Mountain 
region.  It  is  not  impossible  that  the  plug-like  masses  of  porphyry 
mapped  by  Mr.  Cross  (PI.  IV)  maj'^  occupy  conduits  through  which 
volcanic  materials  reached  a  former  surface  some  thousands  of  feet 
above  the  present  one.  The  character  of  the  ore  deposits,  the  intensity 
of  the  associated  metamorphism,  and  the  geological  distribution  of 
the  Tertiary  volcanic  rocks  all  strongly  suggest  that  one  or  more  cen- 
ters of  former  volcanic  activity  underlie  the  Red  Mountain  region. 
This,  of  course,  does  not  mean  that  any  trace  of  volcanic  form  remains 
in  the  present  topography.  Cones  or  cratera,  if  they  existed,  have 
been  obliterated  in  the  evolution  of  the  erosional  forms  of  to-day. 

In  the  Silverton,  how^ever,  no  less  than  in  the  Telluride  area,  the 
gi'eat^r  part  of  the  fissuring  is  not  only  post- volcanic,  but  is  later 
than  the  monzonitic  intrusions  which  cut  the  volcanic  series.  Thus, 
although  the  vast  volcanic  accumulations  of  the  San  Juan  must  liave 
issued  from  local  vents,  the  reference  of  the  forces  which  produced  the 
fissures  to  one  or  more  centers  of  eruption  immediately  east  or  north- 
east of  the  Telluride  quadrangle  as  their  source  is  as  yet  scarcely 
warranted  by  the  facta.  In  this  connection  it  may  be  noted  that  the 
intrusion  of  the  great  stocks  of  mozonite  into  the  rocks  of  both  quad- 
rangles brings  up  tlie  rather  perplexing  i^roblem  of  the  mechanics  of 
such  intrusions  and  the  disposition  of  tlie  rocks  which  formerly  occu- 
pied the  space  now  filled  by  the  intrusive  mass,  lie  would  be  rash 
who  would  assert  that  the  intrusion  of  these  stocks  was  not  accom- 
panied by  strains  and  fissures  in  the  surrouiuling  rocks,  and  yet  the 
fact  is  clear  that  the  principal  ore-beai'ing  fissui-es  of  the  region  were 
formed  after  the  monzonite  had  solidified,  since  they  cut  the  latter  as 
well  as  the  adjacent  formations. 

But  leaving  aside  for  the  present  the  question  of  their  source,  it  is 
necessary  to  investigate  more  fully  the  extent  to  which  tangential 
stresses  of  the  kind  indicated  may  be  regarded  as  an  effective  cause 
of  the  fissuring  of  the  Silverton  quadrangle.  Normally,  in  homoge- 
neous rocks,  such  stresses  might  be  expected  to  produce  systems  of 
conjugated  fissures  of  parallel  strike,  with  dips  not  fiir  from  45°,  and 
accompanied  by  some,  although  not  necessarily  great,  thrust  faulting; 
i.  e.,  reversed  faulting.  The  actual  fissures  do  not  conform  even 
approximately  to  these  conditions.  Assuming  that  the  direction  of 
least  resistance  was  vertical,  it  is  inconceivable  that  fissures  so  nearly 
vertical  and  showing  so  little  evidence  of  thrust  could  have  been 
formed  by  tangential  stress.  Moreover,  such  evidence  of  faulting  as 
Purington  was  able  to  obtain  in  the  Telluride  <iuadrangle  indicated 
normal  faulting  and  not  thrust  faulting. 
If,  on  tho  other  hand,  the  direction  of  least  resistance  was  not  ver- 
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tieal,  but  horizontal,  then  tangential  stress  might  produce  systems  of 
r.oarly  vtMtieal  fissures  intei*secting  nearly  at  right  angles  conjugate 
fissures.  As  shown  by  Daubree's  ^  classic  experiments,  such  fractures 
would  be  undulating,  not  strictly  parallel,  and  might  branch  as  do  the 
fissures  of  the  Silver  Lake  Basin.  Moreover,  as  shown  by  Daubree's 
illustrations,  the  walls  of  such  fissures  will  not  necessarily  be  always 
sliekensided,  nor  need  the  faulting  be  in  all  cases  perceptible.  Such 
faulting  as  took  place  would  result  mainly  in  horizontal  displacement, 
or  offset,  and,  not  being  necessarily  great  in  amount,  might  be  easily 
overlooked.  It  is  possible  in  this  way  to  account  for  much  of  the 
fissuring  of  the  Silverton  quadrangle,  and  perhaps  this  view  best 
explains  the  two  dominant  directions  of  fissuring  intersecting  nearly 
at  right  angles. 

This  hypothesis  that  the  dominant  northeast-southwest  and  north- 
west-southeast fissures  were  formed  by  compressive  stress,  acting 
nearly  horizontally,  although  the  direction  of  lea«t  resistance  which 
it  ])resupposes  is  not  that  which  would  appear  most  probable,  seems 
to  offer  fewer  serious  objections  than  any  other  that  has  been  devised. 
Fissures  of  contraction  they  certainly  can  not  be,  for  they  cut  indif- 
ferently rocks  of  most  diverse  age,  character,  and  origin.  Fissures 
originating  from  tensional  strains  would  probably  be  more  irregular 
and  would  not  be  associated  with  close  parallel  sheeting  of  the  rock. 
Tension  would  find  relief  in  a  single  fissure  rather  than  in  a  series  of 
closely  spaced  parallel  fractures.  Shearing  strains  due  to  differen- 
tial elevation  or  subsidence  might  culminate  in  fissures,  but  these 
could  not  be  expected  to  show  the  general  regularity  and  the  per- 
sistency of  the  principal  fissures  of  the  Silverton  quadrangle,  and 
would  probably  reveal  evident  faulting.  Faults  probably  due  to  such 
forces  occur  within  and  about  the  quadrangle,  but  they  rarely  con- 
tain ore  deposits.  Torsional  stress,  which  by  Daubree^  is  regarded 
as  a  system  of  pressures,  and  by  Becker^  as  a  system  of  tensions,  is 
capable  of  producing  systems  of  parallel  fissures  intei*secting  at 
nearly  t>0^  as  well  as  radial  fissures.  It  may  at  times  be  impossible 
to  distinguish  such  fissures  from  those  formed  by  simple  pressure. 
lUit  the  fissures  produced  b}'  torsion  are  in  general  decidedly  curved, 
with  a  more  strongly  marked  radial  disposition.  Their  character- 
istics are  given  in  detail  by  Becker  in  the  paper  cited.  In  a  homo- 
ucneoiis  block  subjected  to  pressure,  there  are  formed,  in  addition  to 
the  main  conjugate  fractures,  various  more  or  less  irregular  fractures, 
making  angles  of  less  than  45°  with  the  direction  of  pressure,  and 
frtMiuently  branching  from  the  main  fissures  (see  Daubree,  loc.  cit.. 
Pi.  II).  Such  fractures  are  comparable  with  the  branching  fissures 
of  Silver  Lake  Basin  and  Placer  Gulch.     For  this  reason,  and  on 


'  Etudes  Synthutiques  de  Geologic  Exp^rimentale,  Paria,  18T9,  PI.  II. 

•''L<H-.  cit.,p.  321. 

J  Torsional  theory  of  joints:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXIV,  1894,  p.  137. 
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jKrc'o'uiit  of  the  preponderance  of  nearly  north-and-south  fractures 
ov<»r  nearly  east-and-west  fractures,  it  is  thought  that  the  effective 
Htr(»ss  i)rodu(fing  the  principal  fissurinir  of  the  quadrangle  may  have 
acted  in  a  north-and-soulh  direction.  Further,  since  there  is  no 
known  source  of  su(rli  stress  exterior  to  the  quadrangle  and  inime- 
dia1<»ly  adjacent  ivgion,  it  is  thought  probable  tluit  the  stresses  were 
gonerat(»d  chiefly  within  the  quadrangular  area,  by  slight  vertical 
mov<Mnents  following  the  enormous  transfer,  in  Tertiary  time,  of  vol- 
canic material  from  an  intratelluric  to  a  superficial  position,  and  that 
the  surr()un<ling  country  merely  acted  as  a  relatively  passive  buttress 
against  wliich  the  thrust  was  direct-ed.  In  other  words,  it  is  believed 
tlmt  tin*  stn»ss(»s  were  duo  principally  to  local  gravitative  readjust- 
m<»nt.  Some  genetic  connection  between  the  volcanism  and  the  sub- 
seciuent  fissuring,  mineralization,  and  veiningcan  scarcely  be  doubted, 
as  thes<»  phenomena  rapidly  diminish  in  intensity  away  from  the  vol- 
canic district  of  the  San  Juan  Mountains.  It  does  not  seem  possible 
at  pres(»nt  to  do  much  more  than  suggest  that  hypothetical  relation 
whic^h  s<»ems  to  adhere  most  closely  to  the  known  facts. 

In  addition  to  the  principal  stress  outlined,  there  were  doubtless 
many  minor  directions  of  stress  set  up  at  various  times,  some  contem- 
poraneous with  the  principal  north-and-south  stress  and  othf  rs  ear- 
lier or  later,  frt»quently  leading  to  the  production  of  minor  local  fissure 
systems.  These  also  were  probably  in  part  compressive  tangential 
thrusts,  and  it  is  the  existence  of  these  widely  differing  directions  of 
efTi'ctive  stn»ss  that  furnishi^s  niw  of  the  strongost  arguments  against 
seeking  sources  for  the  latter  outside  of  the  region  itself.  It  is  exceed- 
ingly improbable  that  there  should  have  been  set  u])  at  various  widc^Iy 
separated  i)oints  in  the  relatively  undisturbed  regions  inclosing  the 
voleauie  ar(»a,  stress(»s  which  wen*  to  find  their  most  (Mierg(»tic  ex]>i'es- 
sion  in  the  lissuring  of  the  area  itself.  It  se(»ms  likidy  that  toi-sional 
strains  also  had  their  place  in  the  i-eadjnstments  following  volcanism. 
Such  a  complex  of  tissui-es  as  that  around  I.akc*  Como  seems  hardly  to 
admit  of  any  other  satisfactory  explanation.  The  pi-obability  that 
torsion  has  been  a  factor  in  the  minor  lissuring  of  this  region  has  ])e«'n 
suggested  by  S.  I'\  Kmmons.'  It  seeins  not  unlik<'ly  that  earth<iuake 
shocks,  to  which  there  is  good  reason  to  suppose  the  i-cgion  was  sub- 
jectiMl  dui'inu  the  faulting  and  pi'inci])al  lissuring  a<*conipanying  |>o^t- 
volcanic  readjustments,  may  have,  in  some  instances.  transfornMMl 
torsional  strain  into  ai'tnal  lis^ui'ing,  as  <nLri:«'>tcd  by  ('r«>sl)v.- 

lnconi-lusion.it  may  br  well  to  recall  tln' conipli-x  r«»]-(M's  and  rrxult^ 
that  i'Utcr  into  the  tisvuring  nnd«'r  simple  prcs^^urc  of  a  blork  of  wjia: 
i^  commonly  i-allcd  homo^rncons  material.  Tin-  i:«'Mioi:iral  <'ondit  i«»ii*N 
und«M'  which,  rocks  arc  fractnrcil  arr  vastly  morr-  r«»iii|.l.\.  and,  as  l>r. 
lu'ckrr    ha^  riMnarkcd,  **  it  i^  entirely  >al'c  l<»  prf^-unH-  :h.i'  «'\-»'r}' p^-^-, 

•  ^:!-u. •:;;!■..:  r    ..i!:. -:.-.•:■■:.«  vi,';..,.;:.;   Tra:;-    A'::    !:.-:    M;:     M-.^  .  V        XVI.  >-.  :     -^ 
■TLc  :-•-•  .-:.*.  :[i  orv   ■:  '..i-t.;  T:-:i:i-.  A-u.  ^\-v  M-.    K-^..  V.  :   XXIV.  i-r  i.  I--. 
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sible  mode  of  deformation  and  rupture  is  exemplified,"  and,  it  may 
be  added,  frequently  in  a  single  limited  field  of  fracture.  The  best 
thai  can  be  hoped  for  in  any  case  is  to  ascertain  the  dominant  mode 
in  which  fracturinj^  has  taken  place. 


STRUCTURES  OF  THE  LODES. 

The  larger  structural  features  of  the  various  lodes  depend  mainly 
upon  the  character  of  the  fissures  in  which  they  were  deposited. 
Where  the  original  fracture  was  a  simple,  clean  dislocation,  tlie  result- 
ing lode  is  a  fissure  vein.  Most  of  the  lodes  of  the  Silverton  quad- 
rangle are  of  this  character — nearly  vertical  plates  of  gangue  and  ore 
confined  l)etween  definite  walls.  The3-  sometimes  show  local  irregu- 
laritic^s  and  ma}^  divide  into  numerous  branching  stringers  (stringer 
lodt's)  at  their  edges,  but  in  the  essential  character  of  their  workable 
portions  they  are  veins,  in  the  original 
sense  of  Von  Cotta.  Such  ai*e  the  veins 
of  the  P^mpire  group  on  Sultan  Moun- 
tain, the  New  York  City  (fig.  3),  Stelz- 
ncM",  Royal,  and  Iowa  veins  of  Silver 
Lake  Basin,  the  Green  Mountain  vein, 
most  of  the  veins  of  Galena  Mountain, 
rh(»  Hamlet  vein,  and  many  of  the  lodes 
ill  the  northeast  portion  of  the  quad- 
rangle. The  width  of  the  workable 
veins  usually  varies  from  a  few  inches 
up  to  10  or  12  feet.  Lodes  attaining 
greater  width  than  this  are  rarely  sim- 
j)le  veins,  although  some  of  those  near 
Sunnyside  Basin,  with  widths  of  from 
30  t  ( »  r)( )  feet,  appear  to  have  filled » sim- 
1)1(*  opoii  fissures.  A  width  of  2  or  3  feet 
is  perhaps  a  rough  characteristic  average  of  the  productive  veins  of 
the  SilvcMton  region.  The  vein  filling  usually  fits  snugly  to  the 
iissure  walls  and  is  frequently  adherent  to  them — "frozen,"  as  the 
miners  say.  (Juite  commonly,  however,  there  has  been  sufficient 
iii(>\ ciiient  along  the  fissure  to  cause  the  ore  to  come  away  readily 
from  one  or  both  walls,  and  sometimes  there  is  a  gouge  or  selvago 
l)resent.  This  is  rarely  thick  or  extensive.  Fissures  sometimes  con- 
tra<t,  or  pinch,  and  the  vein  then  tecomes  much  reduced  in  width 
and  may  be  entii'ely  absent.  Su(>h  pinches,  where  the  fairly  solid 
walls  are  sei)arated  by  a  mere  crack,  were  encountered  on  the  New 
York  City,  Stelzner,  and  other  veins,  and  on  the  Camp  Bird  lode. 
It  is  i)(\on  difficult,  when  such  a  pinch  is  passed  through  b}^  a  crosscut, 
to  believe  that  it  r(»ally  represents  a  lode  which  is  elsewhere  wide  and 
produetive.  Many  crosscut  tunnels  have  on  this  account  overshot  the 
vein  sought  for.     Careful  systematic  surveying  and  ma\i\)uv^^  v^  ^^^^ 
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Fig.  3.— Cro68  section  of  the  New 
York  City  lode,  Silver  Lake  mine, 
a,  country  rock;  6,  miners'  wall;  c, 
broken  country  rock;  d,  ore,  chiefly 
galena,  chalcopyrite,  and  sphalerite; 
<■,  ore  and  country  rock;  /,  ore  and 
quartz. 
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safeguard  against  such  mishaps  and  is  the  prerequisite  of  all  intelli- 
gent and  extensive  i>rospeeting. 

As  a  rule  the  country  rock  adjoining  the  veins  is  not  strikingly 
altered  and  retains  practically  the  original  form  of  the  fractured  sur- 
faces. In  some  veins  in  rhyolite,  however,  there  has  been  some 
replacement  of  tlie  rock  by  ore,  as  may  b<?  seen  in  the  Tom  Moon* 
mine. 

Veins  of  the  simple  type  described  are  connected  by  nmny  transi- 
tional forms  with  lodes  occupying  closely  spaced  sheeted  zones  and 
consisting  really  of  several  x^arallel  veins.  Such  are  the  small  lodes 
of  the  Micky  Breen  and  the  important  lodes  of  the  Camp  Bird  and 
Tomlx)y  mines.  In  both  the  Gamp  Bird  and  Tomboy,  however,  the 
parallel  veining  resulting  from  sheeting  of  the  country  rock  is  asso- 


n^t 


Fi(i.  4.— Sketcli  aectiou  of  the  Silver  Crowa  lotle,  showiuK  HtriiJjf«r-l«xlo  structure,    a,  aiulesito; 
6,  quartz;  c.  aude.sitc  and  quartz  stringers:  </,  ore. 

ciated  with  tho  less  reguhir  linked-vein  sti'ucturc,  in  wliich  the  lode  is 
made  up  ..)f  nearly  parallel  oi*  slightly  diverging  veins  eonnected  by 
linking  stringers  (Triimmer)  and  with  th</  yet  mon^  irregular  stringer- 
lode  structure,  in  which  th(»  lode  consists  of  a  mass  of  stringers  with- 
out noticeable  i)arallelism  among  themselves.  In  these  mines  the 
more  regular  structure^  is  usually  found  with  the  gold  ore  separated 
from  the  hanging  wall  by  a  little  gouge,  while  the  more  irregular 
structures  characterize  the  foot-wall  ])ortion  (►['  the  lo<le,  can-ying  a 
low-grad(»  galena  ore  and  sending  ofl'  irregular  stringers  into  the 
countiy  rock,  and  being  thus  without  regular  foot  wall. 

The  stringer-lode  struct ur<'  is  i)erhaps  best  exemplified  in  the  North 
Star  (Solomon)  lode,  in  portions  of  the  lioyal  Tiger  and  of  the  I*ride 
of  the  \V<*st  lodes,  in  the  up[)er  part  of  the  Forest  lode,  and  in  the 
Alahnnui  Jorle.     But  it  may  fre<iuently  be  wi»ll  studied  in  surface  out- 
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crops,  notabl}'  those  which  stand  out  on  the  steep  slopes  of  Dome 
Peak,  north  of  Ilowardsville,  and  in  particular  near  the  head  of  Mill 
Creek,  west  of  Chattanooga,  where  the  Silver  Crown  lode  is  beauti- 
fully exposed  in  the  bed  of  the  stream,  and  the  details  of  its  structure 
may  be  seen  tlirough  the  clear  water.  Fig.  4'  is  a  sketch  of  the  lode 
as  seen  at  the  bottom  of  a  clear  pool  in  the  creek.  In  minor  develop- 
ment it  is  to  l>e  seen  in  nearly  every  fissure  deposit  in  the  quadrangle. 
The  most  regular  of  the  veins  will  sometimes  locally  split  up  into  a 
stringer  lode,  particularly  where  the  fissure  is  seen  about  to  die  out 
in  tlio  country  rock. 

Uieccia  lodes — that  is,  lo<les  in  which  the  ore  and  gangue  originally 
filled  the  spaces  in  a  zone  of  brecciated  country  rock,  do  not  appear 
to  be  common.  The  only  deposit 
seen  wlii(»h  would  appear  to  be 
characterized  chiefly  by  this  struct- 
ure^ is  that  of  the  Silver  Queen 
mine  on  Bear  Creek,  near  the  north- 
ern edge  of  the  quadrangle.  Here 
the  x)ay  streak,  from  3  to  6  feet 
wid(%  lies  in  a  brecciated  zone  about 
1:?  feet  wid(^  in  the  San  Juan  forma- 
tion. Judging  from  the  materials 
se(Mi  on  their  dumps,  the  Polar  Star 
and  Ked  Cloud  lodes  also  were  in 
part  deposited  in  breccia  zones. 

To  a  certain  extent  the  lodes  as 
originally  formed  have  had  their 
structure  modified  by  later  move- 
ni(']its,  iH'sultingin  fractures  in  the 
ore  already  <lep()sited,  followed  by 
a  secondary  veining,  usuallj-  of 
quartz.  It  could  not  l)e  proved 
that  this  process  has  exerted  any 
iinj)ortaiit  influence  upon  the  ore. 
are  small  and  relatively  barren. 
stringers  carry  a  little  free  copper,  but  the  amount  is  insignificant 
fr<nn  a  commercial  point  of  view.  In  the  Polar  Star  and  Red  Cloud 
mines  an  earlier  deposition  of  quartz  carrying  pyrite  was  certainly 
brecciated  and  followed  b}^  renewed  veining.  But  there  was  no  means 
of  (h'lermining  in  IHOO  U)  w^hich  period  of  deposition  the  ore  of  these 
mines  belonged.  The  Japan  lode,  a  section  of  which  is  shown  in  fig. 
o,  appears  to  have  been  formed  by  successive  openings  of  the  original 
fissure.  The*  main  ore  streak  of  banded  galena  and  sphalerite  ore  was 
first  deposit (»d.  Later,  nearly  barren  white  quartz,  with  well-marked 
comb  structure,  was  deposited  in  fresh  openings  on  each  side  of  the 
original  vein. 


Fio.  5.— CY088  section  of  the  Japan  lode, 
sbowinK  structnre  produced  by  saccessive 
openingrH  of  the  original  fissure,  a,  country 
rock;  />,  quartz;  c,  ore. 

f 

As  a  rule  the  secondary  stringers 
In  the  Tom  Moore  loile  the  later 


70  ECONOMIC   GEOLOGY   OF    SILVERTON    QUADRANGLE.     [bullISS. 

The  internal  structure  of  the  fissure  fillings,  such  as  banding  and 
comb  structure,  and  the  size  and  shape  of  pay  shoots,  while,  strictly' 
speaking,  embraced  under  the  head  of  lode  structure,  will  be  more 
conveniently  described  in  the  following  sections  on  the  ores  of  the 
lodes. 

THE  ORES  OF  THE  LODES. 

MINERALOGY    OF   THE   ORES. 

GANGUE    MINERALS. 

Under  this  head  are  included  those  mineral  constituents  of  the  hxle.s 
which  commonly  make  up  the  matrix  of  or  are  intimately  associated 
with  the  metallic  ore  minerals.  The  term  is  a  somewhat  relative  one. 
Thus  jjyrite  is  often  a  matrix  for  free  gohl,  and  lias  sometimes  been 
treated,  with  chalcopyrite,  etc.,  as  a  gangue  mineral.^  But  in  the 
present  rep<:)rt  the  term  gangue  will  be  restricted  to  the  so-calle<l  non- 
•  metallic  minerals,*  chiefly  oxides,  carbonates,  sulphates,  and  silicates, 
while  the  compounds  of  the  heavy  metals,  largely  sulphides,  sulphar- 
senites,  sulpharsenates,  sulphantimonites,  or  sulphobismuthites,  all 
commonly  possessing  metallic  luster,  will  be  ti'cated  as  ore  minerals, 
although  they  may  not  in  all  cases  be  valuable.  This  is  l)ut  following 
the  convenient  distinction  laid  down  by  such  classical  writers  on  ore 
deposits  as  Yon  Cotta  and  Von  Groddeck,  and  is  in  accordance  with 
the  usage  of  Lindgrcn,-^  Phillips,*  and  others. 

In  the  brief  resume  of  physical  ])roperti(»s  given  with  ear'h  iiiin<M-al, 
the  aim  has  been  simply  to  give  those  featuies  of  color,  form,  t^te., 
which  will  enable  one  to  recognize  the  minerals  as  they  occur  in  this 
l)articular  quadrangh*.  The  same  minerals  occuiTing  in  other  iM-irions 
may  diiTer  in  the  propi^rties  named. 

Quarfz. — SiO;,.  Uhombohedral.  Massivt*,  or  in  hexagonal  prisms 
terminate<ll)y  rhoinbohedrons.  I'sually  whitt*  orcolorless.  llanln(»ss, 
7.     SiKM'ifie  gravity,  '2J'k 

This,  as  a  rule,  exhibits  th<»  usiiiil  character  of  vein  <[ua]-tz  conimon 
in  most  mining  districts.  It  vai'ies  fi-oni  seiniopa<jUe,  inilk-wliii(M'ari- 
eties  to  those  which  ai(»  vitreous  ami  transparent.  The  latter  occur 
in  tlu'  C'ainp  I)inl  and  Tomboy  lodes  carrying  fre*'  gold,  usually  in 
minute  partich^s.  In  the  Tomboy  the  occuneiic(?  of  the  g!)hl  in 
([uartz  of  that.  ])articular  vitreous  aj^pearance  which  iselsewjiere  com- 
monly regar<l<»d  as  a  sign  of  worthh^ss  vcmu  matter  has  been  com- 
ment«Ml  upou  by  I*ui'ington.''  Th<»  <iuart/  of  the  \<'ius  is  generally 
massive,  and  in  thin  s(M-tion  unchM-  the  microscoj)e  is  seen  to  be  rom- 

•Miniii^'  iiniu^trirs  of  tln'  Trllurido  <iujulninKK*,  (.'olnra.ld,  l.v  c.  \V.  l*in-iii::i'^ii:   l/.-:]:ri«"iith 
Ann.  Ropt.  T.  S.  (m'.>1.  Survey.  Pt.  III.  ls*«x,  j).  7S1. 

-Von  (ir<Mi(lfck,  T.;i>;«.'r<t:ltteii  dor  Erz*.*,  ii.  r>s,  T.rijtzi^;,  l^:i». 

^(iol<l-qu:irt/.  veins  •>!"  N»>va'lH  City  and  Gras.«,  VhIIj-v  di'-lrii-ts:  S.v»Mit<»-nt  h  Ann.  K.-jr    \'.  .S. 
(M'ol.  Surv.-y.  Pt.  II.  M»«5,  pp.  114  ll!». 

'  Trouti<o  (HI  ( >;••»  I  )oj)<>sits,  'M  <>d..  pp.  1  ::  and  s.',.  L.»ndoti.  \^\H\. 
^La  '.  tit  .  ]>.  >/". 
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A .     St«lzner  lode. 


B.     Sunnytide  lode. 
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posed  of  inlerlockiiig  grains  with  incomplete  crystal  boundaries  (see 
PI.  IX,  .4  an<l  B).  Distinct  crystals  are  found  only  in  small  vugs 
and  are  never  of  large  size.  A  radial  arrangement  of  the  imi)erfectly 
formed  crystals  was  noted  in  the  Dives,  Magnet,  Camp  Bird,  and 
Tomboy  mines.  Tlie  quartz  of  the  Silver  Lake  lodes  freciuently 
incloses  ehlorit<»,  which  gives  it  a  green  color,  usually  regarded  as  an 
indication  of  good  ore.  In  some  of  the  lodes  the  presence  of  minute 
includ(»d  crystals  and  grains  of  galena,  sphalerite,  tetrahedrit(»,  argen- 
tite,  various  sulphobismuthitcs,  and  other  ore  minerals  results  in  a 
dark-clouded  quartz  in  which  the  ore  minerals  are  not  recognizable 
with  the  naked  eye.  Such  is  the  richest  ore  of  the  Ridgway  mine 
{V\.  X,  .1).  ^[icroscopic  fluid  inclusions  are  common,  usually  with 
gaseous  bubbles.  They  an*  fre^iuently  arranged  along  irregularly  dis- 
posed curved  surfaces  in  tlie  ([uartz. 

In  a<ldition  to  quartz  of  the  foregoing  character,  which  has  <*rystal- 
lizcd  in  oi)en  spaces,  tliere  occurs  within  and  adjacent  to  many  of  the 
lodes,  and  especially  in  connection  with  the  stocks  of  the  Red  Moun- 
tain district,  a  much  more  finely  crystalline  quartz,  sometimes  resem- 
bling a  fine-grain<»d  <iuartzite,  which  has  resulted  from  a  partial  or 
complete  repla<*ement  of  countr\'  rock  by  silica.  As  seen  in  thin  sec- 
tion under  the  microscope,  this  quartz  is  associated  with  more  or  less 
sericit(»  or  kaolin,  and  sometimes  alunite,  in  a  cryptocrystalline 
mosaif*.  Such  a  mosaic  often  reveals  the  outlines  of  the  former  crys- 
tals of  feldspar,  which  have  been  metiisomatically  i*eplac<»d,  as  more 
fully  (leserib(»d  on  pages  114-131. 

As  vcMu  filling,  with  other  ganguo  minerals  and  ore,  quartz  occui's 
in  nearly  all  the  productive  h)des  of  the  (quadrangle,  but  the  relative 
amount  of  (juartz  and  ore  minerals  varies  widely  between  the  highly 
siliceous  gold  ore  of  the  Tomboy,  showing  to  the  eye  insignificant 
mineralization,  to  th(M'oarsely  crystalline,  heavy  lead  ore  of  the  Royal 
Tigei'  an<l  Iowa  mines.  In  a  few  of  the  lodes  occurring  in  rhyolite, 
vein  quartz  may  b<»  practically  absent.  It  ilW  not  *  •cur  to  any  con- 
sidrialjlc  extent  with  the  ore  stocks  of  the  l\  1  Mountain  district, 
wImm-c  tlu^  (piartz  is  (rhiefly  th<»  result  of  meta>  )nmtic  replacement  of 
the  country  rock. 

Ihirifr, — I>aS(),.  Orthorhombic.  Massiv<',  or  in  groups  of  <li verg- 
ing-tabular  <Mystals.  Ch'avi's  |)ert'ectl\Mn  three  directions.  White. 
Trans])arent  to  opaque.  Ilanhiess,  3.  Specific  gravity,  4..");  whence 
common  name  *Mu»avy  spar.'' 

This  is  not  nearly  so  important  a  gangue  mineral  in  the  Silvert<m 
<iua<lrangle  as  (piartz,  but  it  occui-s  massive  with  the  latter  mineral 
in  the  veins  in  the  Sultan  ^[ountain  monzonite  mass,  in  the  Koyal 
Tiger,  ]M(4vill<»,  and  probably  other  h)des  in  Silver  Lake  ]5asin,  as  a 
heavy  vein  in  the  Dives  and  Potomac  claims,  in  the  vcmpis  oL"  (rahMia 
Mountain,  where  it  has  sometimes  been  replace<l  by  pseudomorphous 
([uartz,  and  in  the  bonanza,  Alaska,  Tempest,  Alabanm.,  Old  lA>>\i.\^ 
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aiul  oth*^  UkIos  ill  Poii«rlike<*psi*'  Gulch.  In  practically  all  iho  stocks 
of  the  Rod  Mountain  district  Iwirit**  was  found  in  close  association 
with  the  ai-gentiferous  copjx^r  r»rcs.  Thus  in  the  Guston  and  Yankee 
Girl  the  bornitc  r»r  chalcocite  often  inclos<*s  numerous  isolate*!  crys- 
tals of  translucent  barite.  and  it  is  to  Ik*  found  on  nearly  every  mine 
dump  in  this  vicinity.  It  also  rjccurs  in  the  Zuni  mine,  on  Anvil 
Mountain,  emlK'dded  in  kaolinitc,  and  with  zunyite  in  guitermaniic. 
Where  occurrinjr  in  Irxles,  the  barite  is  very  commonly  a.^^sociated  with 
^ray  copper  (tetrahedrite).  In  the  Mastcnlon  claim,  on  the  Sunny- 
side  lode,  l)arite  forms  with  quartz  a  finely  crystalline  ajrgn»gato 
which  con.stitutes  the  pingue  of  a  hi^rldy  argentiferous  lead  sulpho- 
bismuthite. 

Cnh'tte. — CaCOy.  Rhombohedral.  Commonly  massive  or  in  rhoni- 
bohedrons,  scalcnohedrons,  or  prisms,  ('heaves  perfectly  in  tln-ee 
direct  ions,  aflFordingrhonil>olie< Irons.  White.  Transparent  toopatjue. 
Hardness,  '^.  Specific  gravity,  2.71.  Efferv<»sces  freely  with  cold 
dilute  acid. 

Cah-ite  is  h*ss  abundant  than  barite  in  the  productive  lodes,  but  is 
nearly  always  present  in  small  amount,  particularly  in  small  vugs  and 
in  minute  veinlets  cutting  the  ore.  As  the  principal  tilling  of  miner- 
aliz<Ml  veins  it  was  noted  at  the  Oneida,  a  prospe<'t  at  the  head  of 
American  lUisin,  where  it  carries  sphalerite  with  a  little  pyrite,  clial- 
copyrit<»,  and  galena,  and  at  the  Yellow  Jack<»t  claim  on  l>ear  Creek, 
on  the  north*M*n  e<lge  of  thr*  <|Uadrarigl<»,  where  also  it  contain^  abun- 
dant sj»lialei'iti'.  Ill  l>oth  eases  the  oi-e  is  loo  poor  to  work.  ^Vs  an 
imi)ortant  gangut*  eonstitu<Mit  il  was  ]io1e<l  in  some  of  the  eopper- 
lM»aring  lodrs  north  of  Hanson  Cre<*k.  At  the*  ()se«M)la  claim  in  Cun- 
ningham (iuleli  il  occurs  psendomorphous  aftei-  ti-emolile.  In  the 
Camp  Uird  mine  it  is  fairly  a])nndant,  tilling  vults  ami  s])aees  in  the 
quart/ left  l)y  eomb  struetni-e.  Asa  nii<*roseo])je  constituent  calcite 
is  found  almost  invariably  in  tlie  wall  rocks  near  the  lodes,  c\<Mq)t 
where  the  rock  has  l>een  silicificd,  in  small  amount  with  rhodonite  ami 
rhodoclirosite  in  tlie  so-called  '-pink  s])ar"  (ehielly  ihodonite)  of  the 
Sunnysidi*  and  niluM*  mines,  and  with  flnorite  and  (juart/  in  a  pale- 
green  iTvptocrystalline  aggregate  accompanying  and  forming  part  of 
the  ricji  streak  in  tin-  (amp  r>ir<l  lod<*. 

As  limestone,  im])nre  massive  calciteoccnis  at  s<'\fral  points  in  tln» 
quadranul<',  and  on  the  east  side  of  Sultan  Mountain  and  at  the 
Saratoga  mine  in  Ii'onton  Tark  is  dire<-ily  ass(»ciated  with  dt'posits 
of  ori*. 

Ih,h,niii( .  (  a. Mgf ('().)..  Rhombohedral.  Csnally  massive  or  in 
cni'Vi'fl  rliomboheilra.  CU*avag<*  like  <'alcite.  While  to  brownish. 
Milky  tooparpie.  Hardness,  ')..").  Specitie gravity.  J.-^n.  KlTervc^sces 
with  cohl  dilute  aci<l  only  wIkmi  lintdy  powdiM-ed. 

This  mineial  is  not  abundant  or  impoiMant  in  conne<*tion  with  the 
niw  ih'jKtsits,  ]m\   occurs  as  a  mi<*r<)scopic  const  it  n<Mit  \>ith  rho<lonite 

Hlif]  t'lindnclivoslW. 
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A.     Fine  y  crystalltne  0:1  from  the  Ridgway  mine.     Magnified  17  diameters,  nicols  croued.   targe  black 
areas.  pyriTe     small  black  areas,  argentites,  with  a  little  sphalerite  and  galena;  shaeed  areas,  quarts. 


/.'.     (iangue  of  ncri  oie,  Camp  Bird  mine      Magriified  17  diameters;  nico\% c.TO«»^\^>*K.Vw«i%«skAN>*w>tv%\ 
shaded  areas  quartz',  CTO«%-ha\ct\«<&  %t«%%,  c«\ca\«. 
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Hhodochrosiff. — ^In(X).j.  Rhombohedral.  Massive  or  in  small 
rhoml)oheclra  in  viiji^s.  Cleavago  like  ealeito.  Usually  some  shade  of 
pink.  Hardness,  3.5-4.5.  Speeifie  gravity,  3.5.  Effervesces  freely 
in  powdered  form  with  dihite  aeid. 

Occurs  abundantly  in  massive  form  as  jj^angue  in  the  Titusville 
lode,  and  in  small  amounts  in  the*  veins  of  the  Empire  group  on  Sultan 
Mountain,  and  in  most  of  the  lodes  in  the  northejist  quarter  of  the 
quad  ran »]:le,^where  it  may  usually  be  observed  as  minuU>  rhom- 
bohedral crystals  lining  small  vugs.  In  small  quantity  it  always 
occurs  in  the  veins  <*ontaining  rho<lonite.  In  the  Golden  Fleece  vein 
it  forms,  with  (luartz,  the  gangue  of  the  rich  free-gold  ore,  and  also 
occurs  in  small  amount  in  th(»  Camp  IJird  lode.  It  is  found  in  beauti- 
fully coIohmI  I'hombohedral  crystals  in  the  Grizzly  Bear  mine  on  Bear 
Cr(M»k,  just  within  the  northern  boundary  of  the  quadrangle. 

Knolinifr. — K,Al.vSi.,Oy.  ^Fonoclinic.  lAFassive,  or  in  a  loose  pow- 
der consisting  of  mi<'ros<*()pic  crystalline  scales.  White.  Hardness, 
:?-2.5.  Specific  gravity,  i*.<).  Gan  ho  scratched  with  tlie  fingernail. 
Smooth  to  the  touch. 

This  mineral  occurs  in  very  ])ure  form  in  the  Nati<mal  Belle  mine 
as  a  snowy  white  i)owdcr,  made  up  of  minute  crystalline  scales.  As 
s(»cii  in  the  upper  workings  in  ISJjO  it  occurs  filling  fissures  in  the 
country  rock  or  as  a  filling  between  the  fmgments  of  brecciated  zones 
near  Die  «)r«»  bodies.  It  was  apparently  in  these  cases  de[)Osited  later 
than  the  on\s,  partly  taking  the  place  in  this  mine  of  the  clay  gouge 
commonly  associated  with  X)ost-mineral  movement  in  other  localities. 

As  an  original  (constituent  accompanying  the  ores,  kaolin  occurs 
abun<lantly  in  the  stock  d(*posits  of  the  Red  Mountain  district,  as 
shown  by  the  nutterials  now  visible  on  their  dumps.  This  is  usually 
a  linn,  comi)act  variety,  intimattdy  associated  with  pyrite.  A  char- 
acteristic form  is  that  in  whi(»h  the  kaolin  is  traversed  by  numerous 
anastomosing  veinlets  of  pyrite,  giving  it  a  spotted  and  sometimes  a 
schistose  appearance  (fig.  <>).  It  was  not  possible  to  investigate  the 
occnirence  of  kaolin  in  any  of  the  deeper  workings  of  tlie  Red  Moun- 
tain mines,  ])ut  from  what  couhl  l)e  seen  it  appears  to  have  accom- 
l>anie(l  the  ores  to  tin*  greatest  depths  there  attained — about  1,300 
feel.  It  was  evidently  d(»riv(Ml  from  the  ccmntry  rock  adjacent  to  the 
oie  bodirs  as  a  pnnluct  of  its  alteration  by  the  thermal  watei's. 

In  the  Zuni  mine,  on  Anvil  Mountain,  compact  kaolinite  is  abun- 
<lant  and  is  din'<-tly  associated  with  j)yrite,  barit^*,  an<l  small  nests  of 
cnargite  to  form  the  lower  exi)Osed  portion  of  the  ore  bmly.  The 
])yrite  is  often  beautifully  crystallized  in  very  slightly  modified  octa- 
hedra,  which  are  thickly  embedded  in  the  white  ka<:)linite. 

As  a  soft  white  pow<ler  kaolinite  occurs  with  the  gold  quartz  of 
the  Tomboy  and  Gamp  Bird  mines.  In  the  Tomboy  the  kaolin  is 
sometimes  mix<Ki  with  sericite.^ 


'  Puriiitfton,  l<M'.cit..p.t*40. 
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As  an  alteration  product  of  the  wall  rock,  more  particularly  of  the 
feldspathic  constituents,  kaolinite  is  extremely  common;  but  it  is 
often  imiwssible,  without  a  chemical  analysis,  to  distinguish  it  from 
sericite.  Both  minerals  occur  in  similar  fine  aggregates,  and  they 
sometimes  occur  together.  In  such  cases  the  microscope  will  not 
always  serve  to  distinguish  them. 

Fluor  He. — CaFl^.  Isometric.  Massive,  or  in  variously  modified 
cubes  and  octahedra.  Cleaves  in  four  directions,  forming  octahedra. 
Colorless,  or  pale  green  or  lilac.     Hardness,  4.     Specific  gravity,  3.1. 

Pale-green  fluoi-spar  is  abundant  on  some  of  the  dumps  of  the  Aspen 


Pl<j.«.     Diagram  illustrutiui:  common  t»ccurriMice  of  kaolin  in  tlio  Rod  Mountain  resriun.     The 
kaolin  is  traversed  l»y  a  network  of  pyrito.     From  Zuni  mine.     Natural  scale. 

mine,  but  was  not  scmmi  in  place.  In  a  massive  coiidjiicm  it  forms  a 
vein  which  has  l>cen  superficially  pi-ospeeled  on  lh(>  north  side  of  l^ic- 
ayune  (4nleh,  nc^ar  its  nioutli,  and  wfis  s(mmi  in  a  prospect  near  the 
Mountain  (^uiMMi  mine,  in  (■alifornia  (inleh,  an<I  in  anothei*  prospect 
just  cast  of  Lake  Como.  It  was  also  noted  in  tlie  dnni})  of  tlie  ni)por 
tunnel  of  the  Micky  Hreen  mine.  Well  ei-ystalli/ed  with  (piartz, 
fluorite  oeenrs  in  a  prospect  just  north  of  the  Old  Lout  mine,  an<l  in 
the  Indiana  tunnel  in  (trey  Copper  (ruleh.  In  the  Sunnyside  hxle, 
fluorspai",  usually  of  a  lilac  tint,  accomj)ani<'s  the  best  oi-e  and  is  used 
by  the  mineis  as  an  indicator  for  free  ^old.  I'ale-ureen  llnoi*ite  occurs 
nith  i'ulchi' in  Hie  (|uartz  of  th<'  Tomboy  lodi'  and   as  a  microscopic 
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constituent  in  some  of  the  rich  Camp  Bird  ore.  It  probably  occurs 
also  in  visible  masses  in  portions  of  the  latter  lode,  although  none  was 
seen  at  the  time  of  visiting  the  mine.  It  is  abundant  in  the  Morning 
vein  of  the  Japan  mine,  and  in  the  Empire- Victoria  vein  with  hiib- 
nerite.  This  latter  association,  however,  is  much  more  stiikingly 
shown  on  the  Adams  claim,  near  Gladstone,  as  described  on  page  25(3. 
On  the  whole,  however,  it  is  not  a  common  gangue  mineral  in  this 
quadrangle,  and  when  not  too  abundant  is  frequently  associated  with 
free  gold. 

Rhodonite. — MnSiOg.  Triclinie.  Occurs  only  in  cryptocrystalline 
massive  form  in  Silverton  quadrangle.  Color,  rose  pink,  fading  and 
then  turning  black  on  exposure  to  the  weather.  Hardness,  5.5-G.5. 
Specific  gravity,  3.5. 

The  silicate  of  manganese,  comprising  much  of  the  so-called  "pink 
spar"  of  the  miners,  occurs  in  many  of  the  larger  lodes  of  the  north- 
east quarter  of  the  quadrangle  as  a  fine-grained  pink  material,  very 
hard  and  tough,  forming  partitions  between  the  ore-bearing  portions 
of  the  lodes,  as  elsewhere  described.  It  is  a  conspicuous  and  abun- 
dant constituent  in  the  Sunnyside  lode,  in  the  neighboring  lodes  in 
Placer  Gulch,  and  on  I'reasure  Mountain,  particularly  in  the  domi- 
nant northeast  fissures,  and  occurs  much  less  abundantly  in  other 
lodes  of  the  northeast  quadrant.  It  is  also  found  in  the  Saratoga 
mine,  near  Ironton,  where  it  has  partly  replaced  limestone.  It  is 
often  difficult  to  distinguish  this  mineral  by  inspection  and  ordinary 
physical  tests  from  the  pink  carbonate  of  manganese,  rhodochrosite, 
when  both  are  massive.  This  is  due  to  the  fact  that  the  rhodonite  is 
seldom  pure,  but  is  associated  with  quartz,  calcite,  and  rhodochrosite 
in  grains  or  crystals  of  microscopic  dimensions.  The  massive  rhodon- 
ite, when  powdered,  often  efferve8<5es  slightly  with  acids,  due  to  this 
slight  admixture  of  carbonates.  The  greater  part  of  the  pink  powder 
remains  insoluble  in  dilute,  boiling  hydrochloric  acid,  and  this  fact 
and  an  examination  of  thin  sections  under  the  microscope  show  that 
the  so-called  ''pink  spar"  of  the  Sumiyside  and  neighboring  mines  is 
tlie  manganese  silicate,  rhodonite. 

Znnijitr. — A  very  basic  orthosilicate  of  aluminum.  (A1(0H,F, 
Cl),),;Al.,Si30i.,.  Isometric,  tetrahedral.  Colorless.  Hardness,  7.  Spe- 
cific gravity,  2.8. 

This  mineral,  which  was  first  described  and  named  by  Ilillebrand,^ 
troiii  th(»  Zufii  mine,  is  limited  in  its  occurrence,  so  far  as  known,  to 
the  Zufii  and  to  (me  or  two  adjacent-  prospects  on  Anvil  Mountain. 
It  occurs  as  small  tetrahedral  crystals  up  to  5  millimeters  (three- 
sixteenths  of  an  inch)  in  diameter,  embedded  in  guitermanite  or  its 
oxidation  [)roduct,  lead  sulphate,  and  associated  with  pyrite,  enar- 
gite,  bournonit^*,  kaolin,  and  barite.     The   chemical  composition  of 


'On  ziinyite  and  guitermanite,  two  new  minerals  from  Colorado:  Proc.  Colo.  Sci.  Soc.,  Vol.  I, 
IKS  I,  pp.  \i\-V2*,).    Also  Bull.  U.  S.  Geol.  Survey  No.  20, 1885. 
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zunyite  given  by  Hillebrand  as  the  mean  of  eleven  partial  analyses 

is  as  follows: 

Analysis  of  zunyite. 


Constituent. 


P«r  cent. 


SiOs I       34.33 

FejOs .30 

AlaOa 57.88 

KjO 10 

NajO 34 

LijO I    Trace. 

H-O 1       10.89 


Constituent 


PsOs 

IF.... 
I  CI  .., 


LessO  . 


Per  cent. 

.«n 

5.61 
3.91 

102.76 
3.02 


99.74 


Although  of  much  scientific  interest,  the  mineral  at  present  has  no 
economic  importance. 

Other  minerals. — Sericite,  epidot<>,  chlorite;  and  zircon  occur  in 
some  of  the  ores,  often  merely  as  microscopic  constituents.  In  the 
mines  of  Silver  Lake  Basin,  chlorite,  with  the  usual  green  color  and 
minute  radially  foliated  structure,  occurs  as  nests  in  the  vein  quartz. 
The  spots  of  chlorite  are  commonly  regarded  as  an  indication  of  good 
ore.  It  is  abundant  also  in  ore  from  the  Silver  King  tunnel,  on  Mill 
Crock,  and  in  vein  quartz  carrying  pyrite  in  the  Barstow  mine.  Seri- 
cite is  often  associated  with  kaolinite  in  ores  formed  by  partial  replace- 
ment of  rhyolite  and  related  potash-bearing  rocks.  A  little  chalcedony 
was  noted  in  the  Camp  Bird  ore.  Alunite,  although  occurring  in 
the  National  Belle  mine  and  as  an  alteration  product  of  some  of  the 
volcanic  rocks  of  the  Red  Mountain  range,  lias  not  been  noted  as  a 
true  gangue  mineral.  Gypsum  occurs  occasionally  as  small  crystals 
in  vugs  of  the  Red  Mountain  ores. 

In  a  fissure  in  the  Silver  Ledge  mine  then*  is  a  considerable  quan- 
tity of  a  soft  white  material  wliicli,  when  moist,  has  a  beautiful 
faint-green  tint.  When  dry  the  substance  is  a  snow-white  i)owder, 
apparenlly  of  great  purity.  A  partial  analysis  of  this  sul)stanc(»  by 
Dr.  Hillebrand  gives  the  following  a])[)ro.\imat<*  cluMuical  composition: 


('<»u.-ititupnt. 

Pel  «*('nt. 
14  Kl 

("on.^t  jtiii'iit. 

Per  font. 

Si( ).. 

Alkjili«'s  (hirj^M'ly  K...(")) 

( 'ji( ) 

•It 

A1,0, 
H.O 

1  with  trace  of  Fe.j( )  i ! 

\\\^A-Z 

40.  :i:» 

!          {)  (^^ 

C'O.^  (calcnlattMl  lorCaCO^)    . 

M 

SO.,  . . 

4.2»; 

i<"».  i: 

This  may  be  calculated  as  a  mixture  of  alloplian(%  alnminite,  gibbs- 
ite,  ahinitc,  and  c«iicitc,  in  the  following  proportions,  l)y  weight: 

Per  cent* 

Allophane  (hydrous  silicate  of  alnmina) 58.0 

Alumiiiite  (hydrou.*;  sulphate  of  alumina) 15.  5 

GibV)site  (hydrate  of  aruiniua) 16.2 

Alunite  (hydrous  sulphate  of  alumina  and  potash) 2. 0 

Calcite..-.^ 1.2 


92.9 
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There  remains  over  5  per  cent  of  superfluous  water,  which  is  not 
included  in  the  foregoing  calculation.  The  chemical  analysis,  how- 
ever, does  not  pretend  to  be  more  than  approximate,  and  the  min- 
eralogical  composition  deduced  from  it  is  of  similar  character. 

ORE  MINERALS. 

Under  this  head  are  included  minerals  generally  mined  as  ores, 
together  with  some  compounds  of  the  heavy  metals  not  of  commercial 
value  in  this  region.  Unless  otherwise  stated,  these  minerals  are 
characterized  by  a  metallic  luster. 

Pyrite. — Iron  disulphide  (FeS.^).  Isometric,  pyritoliedral.  Mas- 
sive, granular,  or  in  pentagonal  dodecahedrons  (pyritohedrons),  octa- 
hedrons, or  cubes,  or  in  combinations  of  these  forms.  Pale-brass 
yellow.     Hardness,  6.     Specific  gravity,  5. 

The  isometric  sulphide  of  iron  is  common  in  all  the  ores  of  the  dis- 
trict, and  impregnates  to  a  varying  extent  all  of  the  country  rock  in 
the  vicinity  of  the  ore  bodies.  In  some  cases  this  impregnation  has 
involved  huge  masses  of  rock,  as  in  the  Red  Mountain  range,  which 
owes  its  color  to  the  oxidation  of  the  pyrite  that  is  scattered  in  minute 
crystals  throughout  the  altered  andesites  and  other  rocks  which 
compose  the  range.  Large  bodies  of  pyrite,  formed  in  part  by 
replacement  of  country  rock,  are  known  to  exist  in  the  lower  work- 
ings of  many  of  the  abandoned  mines  of  the  Red  Mountain  district. 
Other  large  masses  of  crumbling  granular  texture  occur  near  Ironton, 
in  the  Saratoga  and  Baltic  mines,  in  great  part  replacing  limestone. 
Pyrite,  in  beautiful  octahedra  embedded  in  kaolin,  is  abundant  in  the 
Zuni  mine,  on  Anvil  Mountain.  As  a  rule  the  pyrite,  when  occurring 
in  large  bodies  with  little  or  no  quartz,  is  not  of  sufficient  value  to 
pay  for  working.  When,  however,  as  in  the  Henrietta  mine,  it  is 
associated  with  a  considerable  amount  of  chalcopyrite,  it  can  some- 
times be  mined  at  a  profit.  Associated  with  true  vein  quartz,  espe- 
cially when  the  latter  carries  some  free  gold,  the  pyrite  itself  is 
usually  sufficiently  auriferous  to  repay  treatment.  In  the  Tomboy 
and  Camp  Bird  mines  the  gbld  occurring  in  the  pyrite  is  less  in 
amount  than  that  occurring  free  in  the  quartz.  In  the  Gold  King, 
liowcn  er,  the  reverse  is  true.  A  large  part  of  the  gold  in  the  Silver 
Lake  mine  is  known  to  occur  in  pyrite. 

Pyrite  in  radially  fibrous  spherules,  and  at  first  supposed  to  be  the 
orthorhombic  sulphide  of  iron,  marcasite,  was  noted  in  the  dumps  of 
the  Red  Cloud  and  Old  Lout  mines,  and  also  occurred  as  small  stalac- 
tites in  cavities  in  the  Genesee- Vanderbilt  ore  body.  It  was  noted  in 
radial  s[)herules  embedded  in  calcite  at  the  Yellow  Jacket  claim  on 
l>ear  Cr<»ek,  near  the  northern  edge  of  the  quadrangle.  Dr.  H.  N. 
Stokes,  in  the  course  of  a  chemical  investigation  on  the  iron  sulphides, 
has  shown  that  the  foregoing  radial  forms  are  not  marcasite   but 
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common  pyrite.     Dr.  Stokes  has  kindly  furnished  the  following  note 
in  regard  to  his  method  of  determination: 

Supposed  mnrcasite  from  the  Red  Cloud  mine,  Colorado. — Carefully  selected  por- 
tions of  the  mineral,  as  free  as  possible  from  fojfeign  substances, gave  the  "oxida- 
tion number  "  65,  that  of  pyrite  being  60,  and  of  niarcasite  17.  There  can  be  no 
question,  therefore,  that  the  substance  is  pyrite.  the  excess  of  5  over  the  normal 
figure  being  accounted  for  by  small  quantities  of  As,  Pb.  and  Cu,  which  were  found 
on  analysis,  the  effect  of  these  being  to  raise  the  ** oxidation  number.*' 

The  •' oxidation  number*  may  be  thus  defined:  When  a  sulphide  is  boiled  \Wth 
a  solution  containing  1  gram  ferric  iron  per  liter,  Fe  "  is  reduced  to  Fe  ,  and  iron, 
if  present  in  the  mineral,  goes  into  solution.  At  the  same  time  more  or  less  S  is 
oxidized  to  SO^.    In  the  case  of  FeS,  this  Is  expressed  by 

G.333  6    rt.  i.    *      1  u  Ai     (60  for  pyrite 

2o=per  cent  of  sulphur  oxidized =^,^ - 

a  ^  ^  {\7  for  marcasite 

where  a=amount  of  iron  dissolved, 

&=amount  of  Fe'  produced  by  reduction. 

When  other  sulphides  are  present  the  effect  is  to  contribute  to  h  but  not  to  a, 
thus  increasing  the  apparent  percentage  of  sulphur  oxidized,  as  in  the  present  case. 

-  Tetrahedrlte  {gray  copper). — Sulphantimonite  and  sulpharsenite  of 
copper.  The  composition  of  tetrahedrite  proper  is  4Cu2SSb2S.,„  cor- 
responding to  52.1  per  cent  of  copper.  For  tennantite,  the  arsenical 
variety,  it  is  4CU2SAS2S8,  corresponding  to  57.5  per  cent  of  copper. 
These  two  varieties  Are  connected  by  various  intermediate  compounds. 
Isometric,  tetrahedral;  commonly  massive.  Color,  gray.  Streak, 
brownish  or  reddish.    Hardness,  3-4.5.     Specific  jijravity,  4.4-5.1. 

This  mineral  rivals  galena  in  this  region  in  importance  and  abun- 
dance as  an  ore  constituent.  Its  high  percc^ntage  of  copper,  with  the 
fact  that  it  often  carries  a  large  amount  ol'  silver  rephieing  part  of  the 
copper,  gives  it  its  value.  JVIost  of  the  varieties  seen  contain  both 
arsenic  and  antimony,  but  the  latter  predominates,  especially  in  the 
highly  argentiferous  varieties  sometimes  known  as  freib(M^git<i  (the 
typical  freibergite  from  Freiberg  contains  over  30  [xm*  cent  of  silver), 
which  is  usually  of  a  lighter  gray  than  ordinary  tcMrahedrite.  Mod- 
erately argentiferous  tetrahedrite  o<*curs  in  the  North  Star,  Belcher, 
Emi)ir(»,  I.ittle  Dora,  and  other  lodes  on  Sultan  Mountain,  in  the 
Aspen  mine  on  Ilazelton  Mountain,  and  in  th(»  Koyal  Tigeiand  other 
mines  in  SilvcM*  Lake  Hasin,  associated  with  galena,  ehalcopyrite, 
sphalerit(\  pyrite,  cjuartz,  and  l)arit<\  An  antiinonial  vai-i<'ty  ricli  in 
silv<'r,  ])i'()])al)ly  to  be  referred  to freibei-git(^,  const  ituted  the  principal 
or(M)f  the  Noi'th  Stai*  (King  Solomon)  mine.  Teti'ahe(lrite  has  been 
found  in  tlu'  Tride  of  the  West,  Philadelphia,  and  Highland  Mary 
mines,  in  Cunningham  (rulch,  and  usually  (*onst  it  uted  the  richest  ore. 
It  occurs  in  most  of  the  lodes  of  IMcayuue  and  Caiifoi-nia  gulches,  in 
the  Tom  Moore  lode,  in  the?  Mickey  r>re<Mi,  Pouglikcc])sic,  Bonanza, 
and  otlKM"  mines  in  Poughkeepsie  (iulch,  and  in  many  other  mines 
and  in'os])ects  in  various  pai'ts  of  the*  ([ua<li"anglc.  In  som(\  such  as 
the  }s<jr\)i  Star  (King  Solomon),  'J'om  Moore,  and  Mickey  Breen,  il  is 


RANsoME.]  ORE    MINERALS.  79 

the  principal  constituent  of  ore  bodies  of  some  size  and  continuity, 
but  in  othei*s,  especially  in  those  lodes  carrying  much  galena,  the 
tetrahedrite  often  occurs  as  bunches  in  the  other  ore.  A  little  lead 
may  sometimes  replace  part  of  the  copper,  as  was  found  to  be  the 
case  with  a  tetrahedrite  carrying  both  arsenic  and  antimony,  from 
the  Black  Diamond  claim,  on  California  Mountain.  Tetrahedrite  was 
present  also  in  the  ores  of  the  Yankee  Girl,  Silver  Bell,  and  other 
Red  ^lountain  mines. 

^  Enanjiie. — Sulpharsenate  of  copper  (.SCfuaS.AsjSg).  Contains  48.3 
per  cent  of  copper.  Orthorhombic.  One  perfect  cleavage.  Grayish 
black  to  iron  black.    Hardness,  3.     Brittle.     Specific  gravity,  4.4. 

Enargite  is  of  somewhat  frequent  occurrence  in  the  ores  of  the  Red 
^Mountain  range.  It  was  found  abundantly  in  the  Zuili  and  Congress 
mines,  and  formed  the  principal  ore  of  the  National  Belle.  Hand- 
some clusters  of  prismatic  crystals  incrusted  with  malachite  and 
quartz  were  seen  from  the  now  inaccessible  workings  of  this  mine. 
According  to  Mr.  Emmons,  enargite  occurred  in  the  Yankee  Girl. 

The  enargite  of  the  Zufik  mine  is  said  to  have  carried  over  200 
ounces  of  silver  per  ton.  In  the  National  Belle  it  was  probably  of 
much  lower  grade. 

CJialcxjcite. — Cuprous  sulphide  (CujS),  corresponding  to  79.8  per 
cent  of  copper.  Orthorhombic,  commonly  massive.  Blackish  lead- 
gray.     Hardness,  2.5-3.     Specific  gravity,  5.5-5.8. 

Siromeyeriie. — Sulphide  of  silver  and  copper  ((AgCu2)S).  Form 
and  physical  properties  like  chalcocite,  except  slightly  higher  specific 
gravity — 6. 1-G.  3. 

These  two  closely  related  species  do  not  always  admit  of  sharp  dis- 
tinction. Stromeyerite  may  be  regarded  as  chalcocite  in  which  about 
half  of  the  copper  is  rephwced  by  silver.  Chalcocite  is  itself  a  valu- 
able ore  mineral  on  account  of  its  high  i>ercentage  of  copper,  but 
stromeyerite,  which  may  contain  over  50  per  cent  of  silver,  is  particu- 
larly valuable.  The  two  minerals  are  probably  connected  by  inter- 
mediate varieties. 

Chalcocite,  more  or  less  argentiferous,  was  noted  on  the  dump  of  the 
Frank  Hough  mine,  and  bornite  in  the  Silver  Link  and  John  J. 
Crooke.  Stromeyente  is  reported  to  have  been  formerly  an  abundant 
ore*  ill  the  Yankee  Girl  and  Guston  mines,  where  it  occurred  above  a 
di^jth  of  000  feet,  between  galena  above  and  bornite  below.  One  lot 
of  0  tons  of  this  rich  ore  from  the  Yankee  Girl  contained  over  5,300 
ounces  of  silver  per  ton,^  while  one  small  lot  from  the  sixth  level  of 
the  (Tuston  is  stated  to  have  contained  15,000  ounces  of  silver  per  ton, 
will  ell  corresponds  roughly  to  the  percentage  of  silver  in  pure  stro- 
inoyei'ite.     None  of  this  ore  could  Ije  seen  in  1899  or  1900. 

Some  of  the  richest  ore  in  the  New  Y'^ork  City  lode,  in  the  Silver 
Lake  mine,  contains  small  quantities  of  a  black  amorphous  substance. 


>  Scbwarz:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  X\lll,  1889-90,  p.  145. 
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associated  with  clialcopyrite  and  pyrite.  It  was  at  first  supposed  to 
be  black  oxide  of  copper,  but  upon  closer  investigation  proves  to  be 
a  copper  sulphide,  probably  chalcocite. 

Bornite. — Sulphide  of  copper  and  iron  (;3Cu2S.Fe2S3).  Contains 
55.5  per  cent  of  copper.  Isometric.  Commonly  massive.  Copper 
red  or  pinchbeck  brown  on  frssh  fracture,  but  soon  becomes  irides- 
cent from  tarnish,  whence  the  name  *'i)eacock  ore."  Hardness,  3. 
Brittle.     Specific  gravity,  4.9-5.4. 

This  mineral,  often  highly  argentiferous  b}^  the  replacement  of  a 
portion  of  the  copper  by  silver,  was  a  very  important  constituent  of 
the  large  ore  bodies  formerly  worked  in  the  Red  Mountain  district. 
According  to  T.  E.  Schwarz,  it  was  the  **  principal  ore  for  large 
masses"*  in  the  Yankee  Girl.  It  formed  large  solid  masses  in  the 
Guston  mine,  associated  with  barit^,  the  crystals  of  the  latter  being 
often  embedded  in  the  bornite.  It  also  occurred  in  the  Genesee- 
Vanderbilt  mine.  It  is  usually  intimately  associated  with  chalcocite 
and  chalcopyrite.  With  quartz  it  occurs  in  bunches  in  the  Silver  Link 
mine  and  also  in  the  John  J.  Crooke,  a  prospect  north  of  Hensen 
Creek,  associated  with  chalcocite. 

'  Chalcopyrite  {yellow  copper). — Sulphide  of  copper  and  iron  (CugS. 
FcjSg),  corresponding  to  34.5  per  cent  of  copper.  Tetragonal,  sphe- 
noidal. Commonly  massive.  Brass  yellow.  Hardness,  3.5-4.  Brittle. 
Specific  gravity,  4.1-4.3. 

This  is  a  common  ore  mineral  throughout  the  quadrangle,  and  is 
sometimes  auriferous,  as  in  the  Sound  Democrat,  or  argentiferous 
(carrying  also  a  little  gold),  as  in  the  Yankee  Girl,  Guston,  National 
Belle,  and  other  lied  Mountain  mines,  and  in  the  (Tuadaloui>e  mine 
on  Ahrams  Mountain.  It  is  very  abundant  in  the  Titusville  mine, 
in  the  New  York  City  lode  of  the  Silver  Lake  mine,  and  in  the  Ham- 
let mine.  Associated  with  pyrite,  it  forms  the  ore  of  the  Henrietta 
mine,  and  with  tetrahedrite  much  of  the  ore  of  the  Tom  3foore 
lode.  It  is  always  present  in  ores  earryinir  galena,  s[)]ialerite,  and 
pyrite,  although  tli(^  amount  varies  widely  in  dilTereut  oeeurrenees. 
In  the  Saratoga  mine  it  ooeurs  with  i)yrite  and  galena,  replacing 
lim(*stone. 

Oftlcnn. — Lead  sulphide  (PbS).  Isometric.  Rarely  showing  ex- 
ternal crystal  form,  but  charactei-izcMl  by  its  p(M  feet  cubic  cleavage. 
Lea<l  gray.     Hardness,  l'.T).     Specific  gravity,  7.'>. 

This  very  imjioi-tant  ore  mineral,  whicli  wlien  pure  contains  SiKi\ 
per  cent  of  l(*ad,  occurs  in  nearly  every  ore  deposit  in  th(^  ([ua<l- 
rangle,  although  in  extremely  varying  amounts.  In  the  lodes  of 
the  Siher  Lake  Basin  an<l  vicinity  it  occurs  in  coaisely  crystalline 
masses,  associate<l  with  <j[uartz,  sphal<M*ite,  chalcopyrite^  pyrite,  and 
sometimes  barite  and  tetrahedrite.  Such  coaisely  crystalline  varie- 
ties carry  in  this  region  relatively  low  silver  vahu's.     In  other  lodes. 
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in  Maggie,  PieajHine,  and  Placer  gulches,  and  around  Mineral  Point, 
the  galena  sometimes  occurs  so  minutely  crystallized  as  to  give 
merely  a  dark  color  to  the  quartz  in  which  it  is  inclosed.  This 
finely  crystalline  galena  is  often,  but  not  invariably,  highly  argen- 
tiferous, as  in  the  Sound  Democrat  mine  in  Placer  Gulch.  In  the 
Sunnyside  mine  the  foreman,  J.  James,  informed  me  that  he  had 
seen  free  gold  embedded  in  galena. 

.  Sphalerite  {zinc  blende). — Zinc  sulphide  (ZuS).  Isometric,  mass- 
ive, and  tetrahedral.  In  variously  modified  tetrahedral  forms.  Per- 
fect dodeeahedral  cleavage.  Luster  resinous.  Color,  various  shades 
of  yellow  or  orange  to  dark  brown  or  black.  Hardness,  3.3  to  4.  Spe- 
cific gravity,  4.0. 

This  is  a  very  common  mineral  in  this  region  and  always  accom- 
panies galena.  It  is  not,  however,  worked  as  an  ore  of  zinc,  and 
its  presence  in  the  ore  often  involves  additional  cost  in  concen- 
trating and  smelting.  The  light-yellow  varieties,  commonly  termed 
''rosin  zinc"  by  the  miners,  are  often  associated  with  the  occur- 
rence of  gohl.  An  orange  or  red  sphalerite  is  common  in  the  ores 
of  the  Red  Mountain  range.  In  the  Yellow  Jacket,  a  prospect  on 
Bear  Creek  near  the  northern  edge  of  the  quadrangle,  sphalerite 
occurs  abundantly  in  a  peculiar  form,  viz,  as  cylindrical  aggregates 
of  radial  structure,  thickly  embedded  in  a  gangue  of  calcite.  These 
aggregates,  which  occur  in  all  sizes  up  to  an  inch  or  so  in  diame- 
ter, frequently  contain  small  specks  of  galena  and  chalcopyrite. 
Spherules  of  marcasite  also  occur  occasionally  embedded,  like  the 
s[)halerite,  in  the  calcite.  When  .the  calcite  is  dissolved  in  acid 
tlie  sphalerite  remains  as  a  loose  mass  of  cylindrical  rods  lying  in 
all  directions.  In  nearly  all  cases  these  rods  are  broken  sections, 
as  if  they  originally  formed  a  loose  mass  of  small  shattered  stalac- 
tites which  were  subsequently  cemented  by  calcite. 

Bournonife. — Sulphantimonite  of  lead  and  copper  (3(PbCu.^)S. 
Sb.S.,).  Orthorhombic.  Steel  gray,  lead  gray,  or  black.  Hardness, 
2.0  to  3.     Rather  brittle.     Specific  gravity,  5.8. 

According  i  >  Mr.  S.  F.  Emmons's  unpublished  notes,  this  mineral 
is  reported  as  having  been  found  in  the  Yankee  Girl  mine.  A  lead- 
copper  sulphantimonarsenite,  probably  bournonite  with  some  arsenic 
]vi)laciiig  the  antimony,  occurs  at  the  Zuiii  mine,  in  small  vertically 
striated  prisms  with  pyrite  and  zunyite. 

Ziiil-enife. — Sulphantimonite  of  lead  (PbS.SbjSg).  Orthorhombic, 
but  occurs  chiefty  massive.  Steel  gray.  Hardness,  3  to  3.5.  Specific 
.i:'ravity,  5.3. 

Described  and  analyzed  by  Ilillebrand^  from  the  Hrobdignag  claim, 
wheie  it  is  said  to  occur  sparingly  with  barite.  None  could  be  seen 
ill  180!)  or  V,m. 

>  Mineralotfical  notes:  Proc  Colo.  Sci.  Soc.,  Vol.  1, 18»4,  pp.  Lil-iaJ. 
Bull.  182—01 G 
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Giiitermanite. — Sulpharsenito  of  lead  (SPbS.AajSg).  Massive, 
compact.     Bluish  gray.     Hardness,  3.     Specific  gra\ity,  5.9. 

This  mineral,  with  zunyite,  was  first  described  and  named  by  Dr. 
Hillebrand^  and  occurs,  as  far  as  known,  only  in  the  Zuili  and  adja- 
cent claims.  It  always  incloses  the  minute,  sparkling  tetrahedrons 
of  zunyite,  and  is  intimately  associated  with  pyrite,  enargite,  kaolin, 
and  barite.  It  alters  superficially  to  anglesite.  As  it  contains  about 
60  per  cent  of  lead,  and  probably  some  silver,  it  is  a  valuable  ore. 
i  St'ibnife, — Antimony  sulphide  (SbjSg).  Orthorhombic.  Usually  in 
clusters  of  radiating  prisms.  Perfect  cleavage  in  one  direction. 
Lead  gray.     Hardness,  2.     Specific  gravity,  4.5. 

A  single  specimen  of  this  mineral  was  seen,  which  was  stated  on 
reliable  authority  to  have  come  from  the  North  Star  mine  on  Sul- 
tan Mountain.  It  is  readily  distinguished  by  its  lustrous  cleavage 
surfaces  and  softness,  being  easily  scratched  with  the  finger  nail. 

^Polyhasite. — Sulphaiitimonite  of  silver  (OAgS.SbjSg),  with  part  of 
silver  replaced  by  copper  and  part  of  antimony  by  arsenic.  Ortho- 
rhombic.  In  chara<^teristic,  short,  six-sided  tabular  prisms,  with  tri- 
angular striations  and  beveled  edges.  Iron-black.  Hardness,  2  to  3. 
Specific  gravity,  G.l. 

This  nch  silver  ore  is  known  to  have  occurred  in  the  upper  work- 
ings of  the  Yankee  Girl,  and  probably  in  other  mines  of  the  Red 
Mountain  district.  Well-crystallized  specimens  from  this  region  are 
preserved  in  the  museum  of  the  Bureau  of  Mines,  Denver,  and  in 
various  private  cabinets. 

Prousiite  {ruby  silrer). — Sulpharsenite  of  silver  (3Ag2S.As2S),  cor- 
responding to  Go. 4  per  cent  of  silver.  Rhoiiibohedral,  hemimorphic. 
Luster,  adamant  inc.  Transpai'ent  to  translucent.  Color,  scarlet- 
vermilion,  but  somewhat  masked  by  brilliant  luster.  Hardness,  2.25. 
Brittle.     Specitic  gravity,  o.o  to  o.G. 

Few  of  the  ores  now  mined  sliow  this  mineral,  although  it  was  seen 
in  the  Ben  Butler  mine,  associated  with  galena  and  perhaps  argen- 
tite.  It  is  also  known  in  the  Ridg(^way  mine  and  has  been  reported  on 
good  authority  from  the  Red  Cloud,  Polar  Star,  Mammoth,  Annie 
Wood,  Palmetto,  and  Wheel  of  Fortune  mines.  It  is  known  to  have 
occurred  in  the  Yankee  Girl,  and  a  specimen  was  seen  which  was  said 
to  have  come  from  the  Genesee-Vanderbilt  mine.  It  characterizes 
the  upper  portions  of  ai'gentiferous  ore  bodies  and  is  not  known  at 
depths  over  a  few  hundred  fe(4. 

Bismuthitiitv. — Sulphide  of  bismuth  (BioS.j).  Orthorhombic.  One 
perfect  cleavage.  Lead-gray.  Hardness,  2.  Somewhat  sectile.  Spe- 
cific gravity,  G.5. 

This  sulphide  of  bismuth  occurs  in  slender  prismatic  crystals,  with 
specularite  in  quartz  at  the  Neigold  claim  on  the  south  slope  of  Galena 
Mountain. 


'On  zunyite  anil  g^uitermanite,  two  new  iiiiuerals  from  Colorado:  l^ro-.  (.'olo.  Sci.  Soc.,  Vol.  I, 
L-fi4,  pp.  I'Jii-m.    Also  Bull.  U.  S.  Geol.  Survey  ^o.  -A),  \«»*^>. 
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Argenftte. — Silver  sulphide  (AgjS),  containing  87.1  per  cent  of  sil- 
ver. Isometric.  Blackish  lead-gray.  Hardness,  2  to  2.5.  Sectile. 
Specific  gravity,  7.3. 

This  valuable  ore  of  silver,  which  is  readily  distinguished  by  the 
ease  with  which  it  can  be  cut  with  a  knife  without  breaking  or  splin- 
tering, is  not  abundant  in  the  Silverton  quadrangle.  It  was  distinctlj" 
recognized  only  at  the  Ridgway  mine,  where,  curiously  enough,  it  is 
called  *'  brittle  silver."  Here  it  constitutes  the  richest  ore,  and  is  evi- 
dently one  of  the  most  recentlj^  formed  of  all  the  ore  minerals,  as  it 
oceui-s  characteristically  in  vugs,  incrusting  or  filling  the  interstices 
between  the  quartz  crystals.  It  probably  occurs  also  in  the  Gold  Nug- 
get and  other  prospects  in  Maggie  Gulch,  and  is  said  to  have  consti- 
tuted a  large  part  of  the  rich  ore  formerly  extracted  from  the  Polar 
Star  mine,  on  Engineer  Mountiiin,  and  from  the  Palmetto  mine,  in 
American  Flats. 

Mohjhdenife, — Molybdenum  disulphide  (MoSj).  Probably  hexagonal. 
Occurs  in  scales,  with  eminent  basal  cleavage,  or  compact.  Laminae 
flexible,  but  not  elastic.  Lead-gray.  Leaves  a  bluish-gray  mark  on 
paper.     Feel,  greasy.     Hai-dness,  1  to  1.5. 

This  mineral  occurs  in  the  Sunnyside  Extension  mine,  where  it  has 
bi'en  mistaken  for  graphite.  Here  it  frequently  contains  free  gold. 
It  has  not  been  recognized  elsewhere  within  the  quadrangle. 

Hemaiite  {specular ite). — Ferric  oxide  (FegOg).  Rhombohedral. 
Lamellar  or  in  thin  scales.  Color,  steel-gray  or  iron-black.  Streak, 
clierry-red  or  reddish-brown.  Hardness,  5.5-G.5,  but  often  apparently 
much  softer  on  account  of  its  scaly  structure.     Specific  gravity,  5.2. 

The  variety  of  hematite  known  as  specular  iron  is  frequently  met 
with  in  small  quantities  in  the  lodes  of  the  Silverton  quadrangle.  It 
occurs,  for  example,  in  the  ('rown  Point  lode  on  Silverton  Moun- 
tain, in  the  Little  Giant  lode  (on  the  dump),  in  the  Neigold  claims  on 
Galena  Mountain,  and  in  the  Daniel  Webster  prospect  in  Maggie 
Gulch.  In  all  cases  observed  it  is  a  vein  mineral  inclosed  in  quartz. 
It  is  of  no  economic  importance,  but  is  frequently  mistaken  for  more 
valuable  minerals — in  one  case  for  "brittle  silver."  It  is  easily  recog- 
nized by  its  scaly  structure,  brittleness,  and  red  color  when  crushed. 

SulpJiobismuthites. — These  include  cosalite  (2PbS.Bi2S3),  galeno- 
bismuthite  (PbS.BijSg),  alaskaite  ((PbAg2)S.Bi2S3),  beegerite  (OPb- 
S.Bi2S3),  kobellite  (2PbS.(Bi,Sb)2S3),  and  possibly  other  species. 

Sulphobismuthites  of  lead,  carrying  usually  considerable  silver  and 
sometimes  a  little  copper,  are  of  frequent  occurrence,  particularly  in 
the  northern  half  of  the  quadrangle.  As  most  of  the  above-named 
minerals  resemble  one  another  very  closely  in  physical  properties  and 
as  a  rule  occur  massive,  their  specific  identification  is  impossible 
without  a  quantitative  chemical  analysis  in  each  case.  Nor  is  this 
method  often  available,  for  the  association  of  these  sulphobismuthites 
with  other  ore  minerals  is  usually  such  that  pure  material  suitable 
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for  chemical  analysis  can  not  be  obtained.  They  are  nearly  all  lead- 
gray  in  color,  with  hardness  varying  from  2.5  to  4. 

The  argentiferous  galenobismuthite  named  by  Koenig^  alaskaiie 
occurs  abundantly  in  the  Alaska  mine  and  in  the  Acapnlco  claim 
adjoining  it  on  the  east.  Its  occurrence  and  accompanying  minerala 
are  described  on  page  195. 

Cosalite,  from  the  Yankee  Oirl  mine,  with  more  or  less  of  the  lead 
replaced  by  silver,  has  been  analyzed  by  Low,'  and  probably  occurH 
In  other  mines  of  the  vicinity.  It  lias  been  reported  also  from  the 
Alaska  mine.  Kobellite  has  been  analyzed  and  described  by  Keller* 
from  the  Silver  Bell  mine,  and  beegerite,  from  Poughkeepsie  Gulch, 
by  Eoenig.^  *The  naming  and  identification  of  these  species  from  the 
Silverton  quadrangle  rest^s  upon  chemical  analysis  of  massive,  more 
or  less  impure  material,  and  these  results  have  not  yet  been  confirmed 
by  any  investigation  of  crystal  form. 

In  the  course  of  the  present  investigation  sulphobismuthites  have 
been  met  with  in  m^ny  of  the  ores,  but  never  with  external  crystal 
form  nor  in  such  amount  or  purity  as  would  warrant  complete  chem* 
ical  analysis,  whereby  alone  they  can  be  specifically  determined. 

At  the  Barstow  mine  the  richest  ore  is  a  bright  lead-gray  mineral, 
of  hardness  3  to  3.5  and  specific  gravity  7.04  at  30''  C.  (Hillebrand). 
It  shows  indistinct  crystal  forms,  suggestive  of  isometric  symmetry, 
and  is  very  intimately  intergrown  with  pyrite. 

The  purest  material  that  could  be  picked  out  proved  to  l>e  a  mixture 
of  a  lead  sulphobismuthite  with  pyrite  and  a  telluride.  According 
to  Dr.  Hillehrand  the  following  may  be  taken  a«  a  rough  approxima- 
tion to  the  chemical  composition  of  this  mixture: 

Approximate  cliemiccU  composition  of  matoHal  from  Barstow  mine. 
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Had  pyrite  bt»en  the  only  mineral  present  with  the  sulphobismuthite 
it  mi^ht  have  been  easily  deducted  from  the  completed  analysis. 
But  the  presence  of  tellurium  shows  tliat  tlu^re  is  present  also  some 
telluride  of  unknown  composition  which  can  not  be  thus  allowed  for. 
The  idea  of  a  quantitative  anal^'sis  was  tlierefon^  abandoned.  The 
above  rough  approximation  indicates  the  probable  presence  of  a  min- 
eral of  the  composition  of  beegerite,  mixed  with  pyrite  and  perhaps 
an  aurif(^rous  hessite  (telluride  of  silver). 

>  Proc.  Am.  Philo^.  S<m\,  Vol.  XIX,  1^*1,  pp.  >  Zt»it»chr.  £tir  Kryst.,  Vol.  XVII,  189a  pp.«7-r2. 

4r:,'-^77.  *  Loc.  cit. 

*Froe.  Colo.  Sci.  Soc.,  VoL  I,  1883-84,  p.  lU. 
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lu  the  Sunnyside  Extension  mine  a  sulphobismuthite  of  lead  and 
silver,  showing  no  distinct  crystal  form,  occurs  intimately  associated 
with  molybdenite  and  free  gold  in  an  ore  containing  quartz,  barite, 
sphalerite,  pyrite,  and  galena.  In  the  Mastodon,  which  adjoins  the 
Sunnyside  Extension  on  the  north,  an  argentiferous  sulphobismuthite 
of  lead  showing  indistinct  prismatic  crystallization  occurs  so  finely 
disseminated  in  quartz  as  to  give  the  latter  a  dark  clouded  appearance. 

In  the  Custer  claim  on  California  Mountain  an  argentiferous  lead, 
sulphobismuthite,  forms  the  richest  ore,  and  similar  bismuthiferous 
compounds  occur  in  the  ores  of  the  Sound  Democrat  and  Silver  Queen 
mines  in  Placer  Gulch. 

A  lead-copper  sulphobismuthite,  probably  argentiferous,  occurs  in 
small,  ragged  prisms,  frequently  forming  star-like  radial  clusters,  in 
quartz  with  pyrite  at  the  Uncompahgre  Chief,  near  Mineral  Point. 

At  the  Silver  Bell  mine,  between  Ironton  and  Red  Mountain,  the 
richest  ore  was  a  massive  argentiferous  lead  sulphobismuthite  carry- 
ing up  to  1,000  ounces  of  silver  per  ton.  Massive  argentiferous  lead 
sulphobismuthites,  of  probably  more  than  one  species  (one  of  them 
cupriferous),  occurred  in  the  Genesee- Vanderbilt  ores,  intimately  asso- 
ciated with  barite  and  pyrite.  A  massive  lead  sulphobismuthite  (with, 
perhaps,  a  little  copper)  has  been  found  in  the  Silver  Queen  mine  on 
Bear  Creek.  In  the  Neigold  group  of  claims  on  Galena  Mountain  a 
lead  sulphobismuthite,  carrying  a  little  silver  and  perhaps  some  cop- 
per, occurs  as  small  indistinct  prisms  and  specks  in  quartz  with  pyrite, 
speeularite,  and  bismuthite.  Lastly,  it  is  known  that  rich  bismuth- 
iferous ores,  probably  argentiferous  lead  sulphobismuthites,  were  for- 
merly mined  in  the  Old  Lout  and  Poughkeepsie  mines,  and  are 
probably  present  in  varying  amounts  in  most  of  the  lodes  of  Pough- 
keepsie Gulch. 

TeUurkles. — The  occurrence  of  tellurides  of  gold  or  silver  has  been 
noted  at  only  four  localities  within  the  quadrangle,  and  at  each  of 
these  iu  small  amounts  only.  In  some  of  the  rich  ore  of  the  Camp 
Bird  mine  a  little  tellurium,  probably  occurring  as  a  telluride,  has 
been  detected  chemically  by  Dr.  Hillebrand,  although  no  tellurium 
mineral  has  been  recognized.  In  the  Barstow  mine  small  amounts  of 
au  unknown  telluride  are  intimately  associated  with  an  argentiferous 
lead  sulphobismuthite  and  pyrite.  Its  presence  can  be  detected  only 
by  clieniical  means.  At  the  Silver  Ledge  mine  a  small  amount  of  a 
telluride  resembling  ealaverite  was  found,  with  free  gold  in  a  single 
siiuiU  pocket.  At  the  Magnet  mine  telluride  of  silver,  probably  liess- 
ite,  occurs,  intimately  associated  with  argentiferous  galena  and  a  little 
free  ,ic^)l(l  in  a  quartz  gangue. 

(t<>!(J. — Isouietric,  but  rarely  showing  crystal  form.  Usually  in 
irregular  hackly  particles.  Gold  yellow.  Hardness,  2.5-3.  Very 
niall(^al)le  and  ductile.     Specific  gravity,  15.0-19.3. 

Free  or  uative  gold  occurs  in  arborescent  sheets  in  quartz  and 
rhodonite  in  the  Golden  Fleece  vein  (^ee  \^.  \^*.V\.    \\i \>^ft ^^x\>wvis,'^^^^^ 
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Extension  mine  it  has  l)een  found,  scattered  through  masses  of  spongy- 
quartz,  as  implanted  crystals  on  the  faces  of  quartz  crystals  in  vugs, 
and  embedded  in  yellow  sphalerite  and  molybdenite.  It  is  also  some- 
times present  in  the  ores  of  the  Sound  Democrat  and  Silver  Queen 
mines  of  Placer  Gulch.  In  the  Sunnyside  mine  it  occurs  intim*atel3' 
associated  with  quartz,  rhodonite,  fluorite,  yellow  sphalerite,  and 
galena,  and  has  been  found  embedded  in  the  latter.  In  the  Camp 
Bird  it  is  inclosed  as  small  particles  with  galena,  sphalerite,  pyrite, 
chalcopyrite,  and  traces  of  some  telluride,  in  quartz  and  fluorite  (see 
p.  90).  In  the  Tomboy  it  is  found  with  pyrite  in  quartz,  but  only 
rarely  in  visible  particles.  Visible  particles  are  also  met  with  in 
bunches  in  the  quartz  in  the  Gold  King  mine.  In  the  mines  of  the 
Silver  Lake  Basin  free  gold  is  very  rarely  seen,  and  only  one  specimen 
*  has  been  noted  in  the  Royal  Tiger. 

One  small  bunch  of  free  gold,  associated  with  a  telluride  (probably 
calaverite),  has  been  found  in  the  Silver  Ledge  mine.  Rich  pockets 
of  free  gold  are  reported  to  have  been  mined  in  early  days  in  the 
Whale  and  Argentina  lodes  in  Savage  Basin,  and  it  was  the  free  gold 
of  the  Little  Giant  in  Arrastra  Gulch  which  in  the  earl}'^  seventies 
first  calle<l  attention  to  the  San  Juan  region. 

Silver, — Isometric.  Commonly  filiform  (wiix?  silver).  Silver  white, 
but  sometimes  black  through  tarnish.  Hardness,  2.5-:3.  Ductile  and 
malleable.     Specific  gravity,  10.1-11.1. 

Native  silver  is  very  rarely  seen  in  the  ores  worked  at  the  present 
day.  But  in  the  fonu  of  wire  silver  it  was  formerly  found  in  the 
Pride  of  the  West,  Aspen,  Ben  Franklin,  and  Sunnyside  Extension 
mines.  It  occurs  occasionally  in  the  Aspen  and  in  the  Antiperiodic 
mines,  and,  as  small  hackly  particles  and  j)latc8  solidly  emlKKlded  in 
limestone  (probably  Devonian),  on  tlie  Fairvi(»w  claim  on  Sultan 
Mountain.  It  is  probably  in  all  cases  of  secondary  origin,  resulting 
from  th(^  oxidation  of  other  silver  miiu^rals. 

Copper. — Isometric.  Occurs  in  irn^gular  plates  and  branching 
fowns.  Copper  red.  Ductile  and  malleable.  Hardness,  2. 5-:{.  Spe- 
cific gravity,  8.S-S.'j. 

Occurs  in  small  amounts  in  the  Royal  'I'iger,  Tom  Moore,  and  Sunny- 
side Extension  mines.  It  is  confinc^l,  as  far  as  known,  to  the  superficial 
l)ortions  of  the  lodes  and  is  of  later  formation  than  the  bulk  of  the 
ore.  In  the  Tom  Moore  it  occurs  in  a  stringer  of  (juartz  which  con- 
tains small  (*rystals  of  hubnei'ite  and  (»uts  tlie  ore. 

Hohnf  rife. — Tungstate  of  manganese  (MnWO,),  usually  with  some 
iron.  Monoclinic.  One  perfect  cleavage.  Tsually  in  hladed  prisms; 
often  radial.  Urownish  red  toblack.  Luster, submetallic or  metallic- 
adamantine*.     Hardness,  o-.5.o. 

This  min<M-al  occurs  rather  widely  distributed  ovc^r   tlie  Silverton 

qiindrnuixU'  as  a  vein  mineral  associated  with  (quartz  and  fluorite.     It 

Is  itiost  /i/>iMJ(lant   at  the  Adams  Icxle  on  IJonita  Mountain,  where  it 

forms  striking  radial  clusters  i>V  \>yo\v\\\s\\-vvA  v'y\s\a\'s  vnwhedded  in 
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quartz  and  pale-green  fluorite.  Il  is  also  found  in  a  quartz  lode  in  Dry 
iTulch,  but  in  smaller  crystals.  In  the  Tom  Moore  lode  it  was  noted 
as  minute  brown  prisms  in  quartz.  On  Sultan  Mountain  it  has  been 
obtained  from  the  North  Star  mine,  and  occurs  in  moderate  abund- 
ance in  the  Empire- Victoria  lode.  The  mineral  from  the  last-named 
locality  is  nearly  black  and  probably  contains  considerable  iron,  thus 
approaching  wolframite  in  composition.  It  is  embedded  in  quartz  and 
pale-green  fluorite. 

This  mineral,  if  found  in  sufficient  quantites,  would  be  valuable  as 
an  ore  of  tungsten.  It  is  doubtful,  however,  whether  any  of  the 
above-mentioned  deposits  contain  it  in  sufficient  abundance  to  render 
possible  Its  commercial  extraction. 

PRODUCTS  OF  SUPERFICIAL  DECOMPOSITION. 

Owing  to  the  vigorous  erosion  to  which  the  Silverton  region  has  been 
subjected,  oxidized  ores  have  seldom  had  opportunity  to  accumulate 
to  any  great  depth,  and  play  a  small  part  in  mining  opemtions.  Small 
amounts  of  the  carbonates  of  copper,  malachite,  and  azurite,  and  the 
carbonate  of  lead,  cerussite,  can  be  found  in  the  croppingsof  most  of 
the  lodes,  and  cerussite  was  mined  to  some  extent  from  the  upper 
levels  of  the  Silver  Lake  mine.  Anglesite,  or  sulphate  of  lead,  also 
occurred  near  tlie  surface  in  the  Silver  Lake  and  Whale  lodes  and 
formed  an  important  part  of  the  ore  body  of  the  Zuiii  mine,  where  it 
resulted  from  the  oxidation  of  guitermanite.  Anglesite,  resulting 
from  the  oxidation  of  galena  and  often  containing  kernels  of  the  sul- 
phide, occurs  in  the  Anaconda  mine  about  three-fourths  of  a  mile 
soutli  of  Cinnamon  Pass,  whence  four  or  five  carloads,  carrying  55  per 
cent  of  lead  and  14  to  18  ounces  of  silver  per  ton,  have  been  shipped. 
In  the  Saratoga  mine  the  greater  part  of  the  ore  has  been  mined  com- 
paratively near  the  surface,  and  consisted  of  a  soft  mass  of  ferruginous 
clay  carrying  carbonate  of  lead  and  silver,  probably  native  or  as 
clilori<le. 

Under  some  circumstances  partial  oxidation  has  extended  to  depths 
of  several  hundred  feet.  In  the  Silver  Lake  mine  more  or  less  oxidation 
liHs  taken  place  where  the  lodes  of  Group  II  join  the  Silver  Lake  lode. 
Sul)S(M[ueiit  movements  have  allowed  surface  waters  to  descend  at  the 
intersections  of  the  planesof  weakness  determined  by  the  lodes.  The 
partial  oxidation  of  the  Tomboy  and  Camp  Bird  lodes  at  considerable 
(h'plh,  and  the  deposition  within  them  of  black  oxide  of  manganese, 
arc  apparently  due  to  fracturing  of  the  original  lode  filling,  thus 
allowing  the  downward  seepage  of  oxidizing  waters. 

STRUCTURE   OP  THE   LODE   ORES. 
MEOASCOPICAL  STRUCTURES. 

Six  kinds  of  ore  structtire  have  l)een  recognized  in  the  lode  ores  of 
the  Silverton  ([uadrangle: 

J.  Jfdssf/r  structure, — The  quai'tz,  ga\e\u\,  «\>\v^V\\\^^  v^^^^\^<^^^^^>^^^ 
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pyrite,  and  other  minerals  are  all  crystallized  irregularly  in  the  fissures 
without  external  crystal  form  and  without  definite  arrangement.  As 
a  rule  the  constituent  minerals  api>car  to  have  crj^stallized  practically 
simultaneously. 

This  structure  is  exceedingly  common  and  is  the  characteristic  one 
of  the  quadrangle.  It  is  typically  exhibited  by  the  ores  of  the  Silver 
Lake,  Royal,  St-elzner,  New  York  City,  Iowa,  and  East  Iowa  lo<les  of  the 
Silver  Lake  Basin  (PI.  XI,  B).  The  quartz  sometimes  incloses  empty 
spaces,  either  as  minute  interstices  between  interlocking  quartz  prisms 
or  as  small  vugs  lined  with  quartz  crystals.  Occasionally,  instead  of 
being  jierfectly  massive,  the  ore  exhibitj*  indistinct  traces  of  the  struc- 
ture next  to  be  described.  The  two  are  connected  by  intermediate 
forms. 

2,  Banded  structure  bi/  deposition, — The  ore  and  gangue  minerals 
have  been  deposited  in  more  or  less  parallel  sheets,  distinguishable 


Fi«.  7.— Croas  section  of  No-Namo  lode,  Sininysido  mine,    a,  country  nxik;  6,  ore,  chiefly  galena 
with  quartz  gangue:  r,  rh«.Hlonite. 

from  (»ach  other  ]>y  lh<'  fa<'t   that   they  contain  tlio  const  it  uont  voin- 
fonnin*^  minerals  in  difTcM-cnt  proportions. 

Tliis  is  far  less  common  tlian  tlic  prccodinir,  but  it  is  found  in  many 
small  and  unproductive  veins  and  in  some  of  tlie  mon»  important 
lodes,  sueh  as  tlie  (xold  Kinir,  wliere  th(»  pyrite  lias  heen  deposit (h1  in 
bands  alternatin*;  with  white  (juart/.  On  the  lai'^n^  scale  it  is  perhaps 
exempliticd  in  the  Sunnysidc  lode,  where  the  oi'e  sti-eaks,  themselves 
of  massive  strueturc,  consisting  of  nalena,  s]>hMlcrite,  clial(*o]>yi*ito, 
pyrite,  tcti-alicdiite,  and  I'l-er  ^xoU]  in  a  lianirue  uf  (juartz,  rhodonite, 
find  a  little  fluoi-itr,  ai'c  scpai-ated  l>y  plates  (u-  lenses  of  relatively- 
ban-en  rliudniiite.  This  stiUK'tui'e  is  illu^ti-ated  hy  (iir.  7.  which  is  a 
seetion  of  the  \o-Name  vein  in  the  Snnnysi«le  Lrr()un<l. 

In   the  smaller  veins  and   strinirei's  eaj-i-yiiiu'  u^•lh'na  ami   (luartz  the 

•galena    I'l'iMjUeiit  ly    tills   the   medial    sntui'e   foi'me*!    hy   ihe   (►pposintr 

pyramidal  ends  ol  the  (juai'tz  ej-ystals  which  have  lti'owh  (Mit  fi'om  the 

walls  of  the  tissui'e.      This  is  well   seen  in  some  of  the  veinlets  of  the 

Si'hrr  l.aki'  i>asiii.     Even  t\\e  laviier  lodes,  with  pievailinuiy  massive 
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structure,  not  infrequently  reveal  a  tendency  toward  a  final  crystal- 
lization of  the  galena  in  the  middle  portion  of  the  vein,  as  may  be  seen 
in  parts  of  the  Iowa  lode  and  in  the  Idaho  claim,  on  the  Titusville 
lode.  This  same  tendency  is  also  illustrated  in  fig.  8,  which  is  a 
sketch  of  a  small  regularly  banded  vein  prospected  by  the  roadside 
half  a  mile  north  of  Houghton  Mountain  and  close  to  the  London 
shaft. 

Remarkably  fine  and  regular  banding  was  observed  in  the  ore 
thrown  out  on  the  dump  of  a  small  deserted  tunnel  on  what  is  proba- 
bly the  Osceola  claim,  in  Cunningham  Gulch,  about  half  a  mile  above 
Stony  Gulch.  In  its  most  perfect  form  this  banding  consists  of  dark 
sheet^sof  finely  crystalline  sphalerite  and  galena  about  one-half  milli- 
meter in  thickness,  separated  by  plates  of  vitreous  quartz  about  2 
millimeters  in  thickness.  The  result  is  a  remarkably  regular  and 
striking  fine  banding  (PI.  XII,  ^).  The  little  sheets  of  quartz  fre- 
quently show  comb  structure    and  have  apparently  crystallized  in 


Pio.  8.  -Cr(«8  section  of  ban<)e(l  vein  near  the  Loudon  shaft.  Mineral  Point.    <i,  c«.untry  rock; 
6,  quartz  and  chalcopyrite;  c,  tetrahedrite;  d,  d\  quartz;  e,  galena. 

open  spaces.  In  some  facies  with  rather  wider  banding  chalcopyrite 
oeeuis,  chi(^fly  in  the  quartzose  bands.  The  cause  of  su(*h  fine  and 
regular  banding  is  not  known,  but  is  probably  connected  with 
mi^tasomatic  replacement.  The  ore  is  apimrently  of  too  low  grade 
for  profital^le  wf)rking  and  was  not  seen  in  place. 

Anot  h(n-  ff)nn  of  original  banding  is  that  exhibited  by  the  rich  gold 
ore  of  tlie  Camp  IMrd  mine  (PI.  XII,  B).  As  elsewhere  described,  the 
ricli  portion  of  this  lode  is  a  sheeted  zone  in  San  Juan  andesitic 
breccia  and  lies  next  the  main  hanging  wall  of  the  lode.  Within  the 
individual  fissures  of  this  zone  the  quartz  has  crystallized  freel}^  in 
open  spacM^s.  Thus,  in  the  specimen  illustrated,  which  repi-esents  a 
characteristic  cross  section  of  one  of  the  richest  ore  streaks,  the  (quartz 
crystals  arc  implanted  at  their  bases  on  a  thin  seam  of  chalcedony  and 
carbonates  carrying  a  little  finely  divided  galena  and  sphalerite  and 
associated  with  pulverulent  whiter  kaolin.  The  thickness  of  this  seam 
of  chalcedony  and  kaolin  varies  from  1  to  2  centimeters.  Krom  this 
as  a  foundation  the  quartz  crystals  grew  out  into  the  fisHav<^.    \^nx\> 
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after  they  had  attained  a  length  of  2  or  3  centimeters  there  was  an 
enrichment  of  the  depositing  solutions,  as  is  shown  by  an  nndnlating 
dark  band  traversing  all  the  crystals  in  a  generar  direction  at  right 
angles  to  their  direction  of  growth  and  parallel  to  the  walls  of  the 
flssore.  This  dark  band,  which  is  usually  about  a  quarter  of  a  centi- 
metelr  in  thickness,  is  made  up  of  free  gold,  galena,  sphalerite,  and  a 
minute  amount  of  some  unknown  teiluride,  all  in  very  small  particles 
embe<lded  in  the  quartz.    After  this  the  quartz  crystals  continued  to 

grow  outward  for  another  2  or  3 
centimeters,  containing  in  this 
portion  only  scattered  specks  and 
bunches  of  ore  minerals.  The 
direct  outward  growth  of  the 
quartz  crystals  now  stopped  and 
there  was  deposited  upon  the  wavy 
surface  defined  by  their  flyramidal 
terminations  a  succession  of  at 
least  6  distinct  coatings,  differiug' 
in  color,  composed  of  cryptocrys- 
talline  aggregates  of  quartz,  cal- 
cite,  fluorite,  sericite,  and  a  little 
chlorite,  aggregating  in  thickness 
about  one-fourth  centimeter. 
Upon  these  coatings  there  was 
next  deposited  a  layer,  about  one- 
half  centimeter  thick,  consisting 
chiefly  of  finely  divided  particles 
of  sphalerite,  galena,  and  possibly 
other  ore  minerals.  This  is  the 
most  conspicuous  dark  band  seen 
in  the  illustration.  This  band  is 
succeeded  by  a  delicately  mottled 
pale-green  aggregate  of  quartz, 
the  grains  of  which  sometimes 
contain  free  gold,  calcite,  sericite, 
and  fluorite,  with  dark  patches  of 
ore.  This  aggregate  does  not 
exhibit  tlio  characteristics  of  ma- 
terial that  has  crystal lizcv^]  freely  in  oi>en  spaces  and  is  probably,  iu 
part  at  loiist,  altered  and  replaced  country  rock,  ^^lriations  from 
the  foregoing  structure  are  met  wltn  in  various  parts  of  the  Camp 
Bird  lode,  but  the  specimen  described  is  thoroughly  characteristic  of 
the  richest  ore  and  illustrates  well  its  curious  and  Ix^autiful  bandings 
(fig.  9).  The  conspicuous  dark  band,  locally  designated  *'the  worm,'* 
is  the  miners'  sign  for  good  ore  in  this  mine. 
In  the  Tom  ^looi-e  mine  the  pay  streak  f r(»(iuently  consists  of  chaU 


/MCA 

Pig.  1).— Section  throagh  a  rich  ore  band  in  the 
Camp  Bird  lode,  a,  quartz,  fluorite,  calcite, 
etc.;  6,  ore  particles  including  free  gold;  c, 
quartz. 
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eopyrite  in  the  middle  with  tetrahedrite  on  each  side,  the  latter  fading 
off  into  the  altered  countr}^  rock. 

3.  Brecciated  structure. — Ore  formed  at  an  earlier  period  of  deposi- 
tion has  been  broken  into  angular  fragments  by  renewed  movement 
along  the  fissure,  and  recemented  by  fresh  deposition  of  the  ore  or 
gangue. 

Ore  so  shattered  as  to  come  under  this  head  has  not  been  noted  as 
a  conspicuous  feature  of  any  important  deposit,  although  some  brec- 
ciation  can  often  be  detected.  The  structure,  however,  is  best  exem- 
plified by  material  from  the  dump  of  the  Red  Cloud  mine,  in  which 
an  original  deposit  of  radially  fibrous  pyrite  has  been  broken  up  and 
held  together  by  a  younger  accumulation  of  vein  quartz  carrying  a 
little  sphalerit<3  and  galena  (PI.  XI,  C),  and  also  by  vein  filling  from 
the  Polar  Star  and  Palmetto  mines.  In  the  Red  Cloud  occurrence 
not  only  have  the  concentric  sheila  of  pyrite  been  broken  up,  but  in 
some  cases  exceedingly  thin  coatings  or  sheets  of  the  sulphide  have 
been  floated  or  moved  out  into  the  quartz,  and  in  the  polished  speci- 
men from  which  PI.  XI,  C  was  made  these  delicate  curved  films 
embedded  in  the  quartz  resemble  the  finest  cloisonne  work  of  the 
Japanese. 

4.  Cellular  structure, — The  quartz  or  other  vein  material  has  crys- 
tallized as  a  mass  of  irregularly  intersecting  septa,  leaving  numerous 
drusy  cavities  separated  by  relatively  thin  walls. 

This  is  not  a  structure  characterizing  any  important  ore  deposit, 
and  was  not  seen  in  place.  But  it  is  of  interest  in  view  of  the  pos- 
sible light  that  it  may  throw  on  the  processes  by  which  the  vein- 
forming  materials  are  deposit.ed.  The  structure  is  best  exemplified 
by  fragments  on  the  dump  of  the  Pride  of  Syracuse  mine  and  on  an 
upper  dump  of  the  Empire*  group.  Sultan  Mountain.  In  the  latter 
case  the  septa  are  composed  chiefly  of  sphalerite  and  galena,  and  the 
cells  are  lined  with  drusy  quartz  and  in  some  cases  filled  with  rhodo- 
chrosite.  Beautiful  little  crystals  of  amber-colored  sphalerite  and  of 
tetrahedrite  were  observed  in  some  of  the  celLs,  implanted  upon  quartz. 
It  is  possible  that  this  cellular  structure  may  have  resulted  from  some 
kind  of  pseudomorphous  replacement  coupled  with  the  solution  and 
removal  of  some  unknown  mineral. 

').  SpheruUtic  struHure. — The  quartz  of  a  vein  has  crystallized  in 
prisms,  often  imperfectly  formed,  which  show  a  marked  tendency  to 
•^roup  themselves  in  radial  fashion  about  local  centers  of  crystalliza- 
tion. It  is  not  intended  to  treat  specially  under  this  head  such  min- 
erals as  treiiiolite,  which  exhibits  characteristically  a  radial  structure. 

A  rough  spherulitic  crystallization,  previously  described  by  Pur- 
ington/  was  noted  in  the  gold  quartz  of  the  Tomboy  mine  and,  in 
eonne(?tion  with  banding,  in  the  Camp  Bird  lode.  It  is  also  a  notable 
feature  of  the  North  Star  lode,  where  worked  in  the  Dives  mine  (see 


>  Preliminary  re^wrt  on  the  mining  industries  of  the  Tellurld^  t\j\«A"t«XL^^^^0vNs^"»^'2»-."^v«is^- 
teenth  Ann.  Rept.U.S  Geol.  Survey,  Pt.  Ill.lW»,p.ft4to, 
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Fl.  XI,  A)j  and  of  the  Magnet  lode.  The  qnartz  in  this  case  has  of t«n 
grown  radially  outward  from  kernels  of  tetrahedrite.  Less  conspieu- 
008  radial  stmotare  was  noted  in  the  Silver  Queen,  at  the  head  of 
Placer  Oulch. 

XIOBC»0OOPIOAL  FEATURES. 

In  the  larger  lodes,  with  massive  structure,  particularly  those  carry- 
ing much  galena,  the  crystallization  is,  as  a  rule,  so  coarse  that 
microscopical  study  is  of  use  only  in  furnishing  details  of  mineralog- 
ical  structure.  The  quarts  of  such  lodes  shows  the  usual  character 
of  vein  quartz,  and  has  crystallized  in  large,  irregular  grains,  inter- 
locking with  one  another  and  with  the  principal  ore  constituents.  1^ 
structure,  when  sufficiently  fine  to  be  embraced  in  a  thin  section, 
is  typically  hypidiomorpUc  granular  (PI.  IX).  Microscopic  fiuid 
InelusionB  with  gaseous  bubbles,  often  arranged  along  curved  sur- 
faces within  the  quartz,  are  always  present.  No  special  investigation 
of  the  hermetically  inclosed  liquids  of  these  minute  cavities  has  been 
made  for  this  region,  but  they  are  probably  solutions  of  calcium  and 
alkaline  sulphates,  with  some  chlorides,  and  very  likely  carbonic  acid.^ 
Interstitial  or  miarolitic  cavities  into  which  the  quartz  crystals  some- 
times project  are  common,  and  are  often  filled  with  calcite,  or,  in  the 
Silver  Lake  Basin,  with  chlorite  (PL  IX,  A). 

Vein  qnartz  varies  widely  in  the  size  of  the  constituent  cr3rstal 
grains.  In  the  Sunnyside  and  neighboring  lodes  the  galena,  sphal- 
erite, and  chalcopyrite  are  distributed  through  the  gangue  in  smaller 
particles,  and  the  quartz  grains  themselves  are  correspondingly  smaller 
than  those  in  the  Silver  Lake  veins.  Pi.  IX,  J5,  shows  a  typical  thin 
section  of  Sunnyside  ore,  in  which  chalcopyrite  and  sphalerite  happen 
to  be  the  dominant  ore  minerals. 

Still  other  ores,  of  which  that  of  the  Ridgway  mine  may  be  taken 
as  a  type,  exhibit  throughout  much  finer  crystallization.  The  quartz 
occurs  in  small  interlocking  grains,  and  the  ore  particles,  which  in 
hand  specimens  are  often  so  small  as  to  wnder  the  quartz  cloudy  or 
black,  without  l>eing  themselves  individually  uoticeabU*,  are  soon 
under  the  microscope  to  be  thickly  sprinkled  throiijrh  the  gangue 
and  to  be  very  irregular  in  shape.  They  occur  both  in  the  sutures 
between  the  quartz  grains  and  within  the  grains  themselves  (PI. 
X,  A).  Such  ore  is  almost  invariably  said  by  the  miners  to  contain 
brittle  silver.  Hut  neither  chemical  tests  nor  the  microscope  reveal 
stephanite.  In  the  Ridgway  ore  the  particles  are  cliit^fl y  ar^entite  with 
some  pyrite,  a  little  sphalerite,  and  sometimes  a  little  galena.  These 
finely  crystalline  ores  are  worked  for  silver  and  irold,  as  the  galena  is 
rarely  abundant  enough  to  i^ay  f(n*  extraction.  Hut  they  are  by  id 
means  e(iually  rich.     In  some  cases  the  finely  disseininatcd  on*  ])arti- 

KJold-qmiriz  voinHOf  Nevatla  City  ami  Grass  Valley  districts,  by  Waldt»ru;ir  Lind^^n'u:  .Si-ven- 
teeuth  Auu.  Ki»j>t.  U.  S.  Geol.  Survey,  lJ*ii,  Pt.  II,  p.  til. 
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cles  are  chiefly  argentiferous  galena,  sometimes  a  lead  sulphobis- 
miithite,  and  occasionally  tetrahedrite.  Proustite  (ruby  silver)  was 
noted  in  the  Ben  Butler  mine,  with  finely  crystalline  galena,  which 
is  eii-oneously  called  brittle  silver  by  the  miners. 

The  gangu(»  of  the  rich  ore  of  the  Camp  Bird  mine  shows  several 
interesting  variations  in  its  microstructure,  and  differs  from  that  of 
any  other  lode  known  in  the  quadrangle.  A  characteristic  structure 
and  mmeralogical  composition  is  that  shown  in  PI.  X,  5,  where  quartz, 
calcite,  and  fluorite  are  crystallized  together.  This  is  a  common 
appearance  of  the  pale-green,  finely  crystalline  aggregate  which  has 
crystallized  concentrically  outside  of  the  dark,  wavy  ore  band  shown 
in  PI.  XII,  B.  The  quartz  here  shows  a  distinct  tendency  toward  idio- 
morphic  form,  and  in  sections  transverse  to  the  prism  usually  reveals, 
in  polarized  light,  a  zonal  structure  the  outer  shells  of  which  are 
composed  of  shadowy  sectora  differing  in  their  interference  tints  (PI. 
X,  B).  These  quartz  grains  contain  inclusions  of  chlorite  and  a  min- 
eral in  acicular  crystals  too  small  for  identification.  The  inclusions 
are  most  abundant  near  the  center  of  the  crystal.  The  fluorite  is  not 
always  t)resent,  and  the  gangue  is  frequently  much  more  finely  crys- 
talline and  often  shows  nests  of  sericite.  This  portion  of  the  gangue 
has  evidently  crystallized  in  part  in  open  spaces,  but  it  has  also 
undoubtedly  in  part  resulted  from  a  metasomatic  replacement  of  the 
San  Juan  breccia  adjacent  to  or  included  within  the  main  fissure 
zone.  The  microscope  shows  the  free  gold  to  occur  in  nests  of  minute 
hackly  particles  solidly  embedded  in  quartz.  It  is  apparently  most 
abundant  in  the  coarsely  crystalline,  vitreous,  radial  quartz  (see  PI. 
XII,  i?),  but  also  occurs  in  the  quartz  just  outside  of  the  dark  ore  band 
already  referred  to.  As  seen  under  the  microscope  this  ore  band  con- 
sists of  particles  of  galena,  light-yellow  sphalerite,  and  chalcopyrite 
in  quart;-.  The  gold  was  not  seen  in  the  dark  band  itself,  but  is 
nearly  always  within  a  few  centimeters  of  it,  usually  associated  with 
a  Utile  galena  and  sphalerite. 

Although  as  a  rule  the  ores  occupy  filled  fissures,  yet  in  a  few  cases 
the  gangue  in  >\hich  the  ore  occui-s  is  composed  wholly  or  in  part  of 
count ly  rock  which  has  been  altered  to  an  aggregate  of  quartz,  and 
usually  one  or  more  of  the  following  minerals:  Calcite,  sericite,  kao- 
linite,  chalcedony,  fluorite.  Such  aggregates  generally  differ  from  true 
vein  filling  in  showing  under  the  microscope  a  much  finer  crystalliza- 
tion of  their  constituents  into  a  mosaic  which  is  more  or  less  cloudj' 
when  seen  between  crossed  nicols.  The  grains  of  quartz  seldom 
exhibit  the  clear,  definite  boundaries  seen  in  vein  filling,  such  as  is 
shown  in  1*1.  IX.  Moreover,  the  sericite  and  calcite  are  often 
grouped  in  areas  whose  form  is  that  of  former  feldspathic  pheno- 
crysts.  This  structure,  however,  will  be  more  fully  described  in  the 
section  on  the  metamorphism  of  the  country  rock. 
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ABBAL  DISTBIBUnON  OF  THE  LODE  ORBS. 

The  various  mineralogioal  and  stractural  types  of  ore  are  not  dis- 
tributed at  random  over  the  quadrangle,  but  a  given  iK>rtion  of  the 
area  is  often  characterized  by  ore  of  a  certain  kind,  differing  from 
those  which  preponderate  in  other  portions.  These  areal  subdivisions 
are  not  sharply  bounded,  and  it  often  happens  that  in  a  district  in 
which  most  of  the  lodes  contain  a  certain  type  of  ore  there  will  occur 
other  ores  which  are  more  characteristic  of  some  other  district  in  the 
•quadrangle.  But,  notwithstanding  these  transitions  and  exceptions, 
the  localization  of  ore  types  is  a  striking  feature  of  the  region. 

The  lodes  traversing  the  mass  of  Sultan  Mountain  are  quite  com- 
monly filled  with  rather  coarsely  cr3rstalline  vein  filling,  carrying 
L  galena,  tetrahetlrite,  and  chalcopyrite,  with  some  sphalerite  and  pyrite, 
in  a  gangue  of  quartz  and  barite.  Their  chief  value  is  in  silver.  The 
most  productive  of  these  lodes  has  been  the  North  Star,  which  pro- 
duced an  ore  running  about  40  per  cent  lead  and  70  ounces  of  silver. 
This  lode  is  in  monzonite,  but  mineralogically  similar  ore  is  found  in 
the  King  lode  in  Algonkian  schists,  said  to  carry  about  0.1  ounce  of 
gold,  55  ounces  of  silver,  and  15  i)er  cent  of  lead.  The  ore  of  the 
Empire  group  of  veins  is  generally  similar  in  character. 

Southeast  of  Silverton,  in  the  vicinity  of  Deer  Park,  are  numerous 
mineralized  fissures  cutting  the  schists  and  granites,  and  in  some 
<»8es  the  overlying  San  Juan  breccia.  These  are  occupied,  as  a  rule, 
by  quartz  veins  carrying  pyrit-e,  with  a  little  galena,  sphalerite,  and 
<5halcopyrite.  They  are  prospected  for  gold,  which  occurs  free  in 
small  pockets.  Compared  with  most  of  the  lodes  iu  the  quadrangle 
these  veins  are  not  heavily  mineralized,  and  are  not  mined  on  an 
important  scale. 

The  lodes  of  Silver  Lake  Basin  are  characterized  by  coarse,  massive 
structure  and  are  heavily  mineralized.  Galena  often  exceeds  all 
other  constituents  of  the  vein  filling  in  amount,  and  lead  is  an  impor- 
tant factor  in  the  output.  Sphalerite  and  chalcopyrite  accompany 
the  coarsely  crystalline  galena,  and  there  is  usually  some  pyrite 
present.  The  gangue  is  quartz,  often  containing  chlorite.  Tetra- 
hedrite  occurs  si>oradically  in  many  of  these  lodes,  and  barite  was 
noted  in  the  Royal  Tiger  workings.  These  are  generally  low-grade 
concentrating  ores,  averaging  from  $8  to  *15  per  ton.  Free  gold  is 
rarely  seen,  but  the  gold  tenor  in  some  of  the  lodes  of  Group  II  (see 
p.  1-17)  may  rise  to  2  or  3  ounces  per  ton.  In  the  Silver  Lake  mine 
about  half  the  value  of  the  output  is  from  the  gold;  the  remainder 
being  in  silver,  lead,  and  copper.  The  other  mines  contain  less  gold, 
and  the  Royal  Tiger  mine  depends  chiefly  upon  its  lead.  Most  of  the 
ore  of  llazelton  Mountain  appears  to  have  been  of  the  general  type 
just  outline<l.  A  thousand  tons  from  the  Aspen  mine  is  said  to  have 
produced  110  ounces  of  silver  per  ton  and  GO  j>er  cent  lead,  although 
^Ae  Hvonige  tenor  was  somewhat  less  than  this.     An  exception  of  the 
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sort  referred  to  at  the  beginning  of  this  section  is  afforded  by  the 
I^ittle  Giant  lode,  on  the  north  side  of  Arrastra  Gulch,  which  pro- 
duced a  free-gold  ore. 

In  Maggie  Gulch  the  greater  number  of  the  lodes  contain  siliceous 
ores,  of  which  that  of  the  Ridgway  mine  may  be  taken  as  the  general 
type  (PI.  X,  ^4).  In  these  ores  the  quartz  is  finely  crystalline  and 
the  ore  minerals  occur  as  minute  dark  specks,  which,  when  abundant, 
give  the  gangue  a  dark,  clouded  appearance.  In  the  Ridgway,  the  only 
mine  working  these  ores  on  a  commercial  scale,  the  ore  particles  are 
chiefly  argentite.  But  in  other  cases  they  are  galena,  and  apparently 
not  always  very  argentiferous.  The  erroneous  belief  of  the  pros- 
pectors that  these  minute  ore  particles  are  nearly  always  "brittle 
silver"  has  in  some  cases  resulted  in  much  fruitless  labor.  In  one 
instance  a  prospecting  tunnel  of  considerable  length  was  being  run 
on  expi'ctations  excited  by  a  few  minute  bunches  of  "brittle  silver," 
which  were  in  reality  woi*thless  specularite.  Ores  generally  similar 
to  those  of  Maggie  Gulch  occur  at  various  points  in  the  northeastern 
part  of  the  quadrangle,  particularly  in  the  vicinity  of  Mineral  Point. 

In  Sunnyside  Basin  and  at  the  head  of  Placer  Gulch  the  ores  are 
commonl}'  of  moderately  coarse  crystallization  and  carrj^  abundant 
galena,  sphalerite,  and  chalcopyrite.  They  are  almost  invariably 
associated  with  abundant  rhodonite.  Of  low  grade  as  a  whole,  they 
sometimes  contain  bunches  of  rich  ore,  which,  in  the  Sunnyside  Exten- 
sion mine,  are  known  to  have  carried,  in  carload  lots,  as  much  as  74 
ounces  of  gold  per  ton,  mostly  free.  The  ore  of  the  Sunnyside  mine 
may  be  considered  as  typical  of  this  district. 

In  Poughkeepsie  Gulch  the  ores  partake  somewhat  of  the  charac- 
teristics of  those  of  the  Sunnyside  Basin  and  of  Mineral  Point.  But 
their  most  characteristic  feature  appears  to  have  been  in  the  occur- 
rence of  the  lead  and  silver  in  some  combination  with  bismuth,  usually 
as  an  argentiferous  sulphobismuthite  of  lead.  The  ore  of  the  Alaska 
mine  is  a  well-known  example  and  has  been  described  on  page  195. 

In  the  extreme  northeast  corner  of  the  quadrangle  many  of  the 
prospects  and  some  of  the  mines  formerly'  worked  are  characterized 
by  argentiferous  copper  ores,  usually  chalcocite  or  bornite,  with  some 
galena  and  chalcopyrite. 

What  nmy  conveniently  be  termed  the  Red  Mountain  Range, 
embracing  the  region  bounded  by  Cement,  Grey  Copper,  and  Mineral 
creeks,  is  characterized  by  the  predominance  of  the  stock  deposits 
and  their  peculiar  ores,  which  will  be  described  in  subsequent  pages. 

Lastly,  in  the  northwest  corner  of  the  quadrangle,  ores  carrying 
much  galena,  and  recalling  in  some  of  their  features  those  of  Silver 
Lake  Basin,  are  associated  with  gold  ores  such  as  those  of  the  Camp 
I5ird  and  Tomboy  mines". 

As  far  as  could  be  determined,  the  distribution  of  ore  types  as  briefly 
sketched  in  the   foregoing   paragraphs  is  purely  areal  and  is   not 
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dependent  upon  kind  of  country  rock  or  direction  of  fissuring.  Finally, 
emphasis  should  aj^ain  be  laid  upon  the  fact  that  there  is  much  over- 
lapping and  intermingling  of  types,  and  that  ores  of  many  kinds  may 
occur  in  any  given  limited  district.  Free-gold  ores,  in  particular,  may 
be  expected  to  occur  in  any  part  of  tlie  quadrangle. 

DISTRIBUTION   OP  THE   ORES   WITHIN   THE   LODES. 

Lodes  are  seldom  equally  well  mineralized  in  all  portions.  Th')se 
parts  of  a  lode  or  vein  which  are  sufficiently  large  and  rich  to  be 
profitably  worked  are  commonly  known  as  pay  shoots  or  oi-e  shoots, 
sometimes  spelled  ore  chutes.  The  first  term  is  regarded  as  prefer- 
able, inasmuch  as  it  expresses  concisely  the  thing  meant,  and  can  not 
be  confounded  with  the  ore  chutes  or  mill  holes  of  timber  through 
which  ore  is  drawn  from  the  stopes  into  the  mine  levels.  A  pay  sh(X>t 
is  obviously  not  a  thing  capable  of  exact  delimitation.  Its  size  and 
shape  depend  to  some  extent  on  fluctuations  in  the  metal  market 
(unless  purely  a  gold  ore)  and  on  variaticms  in  the  operating  expenses 
of  the  mine.  Hut  the  concentration  of  ore  in  certain  portions  of  a 
lode  separated  by  unprofitable  lode  matter  is  a  very  important  phe- 
nomenon, and  one  that  can,  as  a  rule,  be  studied  and  discussed  only 
as  it  is  revealed  in  the  exploitation  of  pay  shoots  by  actual  stoping. 

A  complete  study  of  pay  shoots  requires  good  stope  maps,  carefully 
revised  to  date,  and  an  advanced  stage  in  the  development  of  the 
lodes.  Except  for  a  few  localities,  thesi*  favoi-ablo  conditions  ai'c  not 
found  in  th(^  Silverton  quadrangle.  The  advantage  in  all  fulun* 
development  of  having  a  record  of  past  work  is  not  always  fully 
realized,  and  the  miner  is  too  often  content  simply  to  follow  his  ore 
where  he  finds  it,  adapting  liis  work  niei-ely  to  the  needs  of  t(^-day. 
In  simple  lodes  witii  eontinuous  pay  shoots  this  rougli-and-n^ady 
mining  may  succeed  well  (Miongh.  But  in  complex  lodes,  or  in  groups 
of  lodes,  such  as  those  of  the  Silver  Lake  iiiine,  systematic  map])ing 
and  tiie  adaptation  of  the  development  to  future  ])robal)ilities  may 
mean  suc(*ess  wliei-e  the  more  ordinary  method  would  result  in  failure. 
On  account  of  the  general  absence  of  accurate  stope  maps  and  the 
small  depth  of  most  of  tln^  miners  opd'ating  in  the  (luadrangic^  the 
following  observations  on  the  i)ay  shoots  are  fj-agmeutary  and  often 
unsatisfactory. 

In  most  of  the  workable  veins  and  siin[)le  lodes,  such  as  those  of 
Sultan  Mountain  and  Silver  Lake  Hasin,  pay  oie  is  usually',  although 
not  invai'iably,  found  where\er  the  iissui'c  is  wide  enough  to  hold  an 
oi'c  body.  This  appears  to  be  i)art  iculai'ly  t  rue  of  the  New  York  City, 
Stelznej-,  Koyal,  and  Iowa  veins.  Thus,  in  these  veins,  distinct  pay 
shoots,  separated  by  stretch(»sof  barren  lode,  do  not  proju'rly  occur, 
or  have  not  been  demonstrated  by  minima opcjat  ions.  Tiic  pay  shoots 
take  theii-  shape,  as  a  whole,  fi'om  the  lorcn  of  the  lissui'c.  A  partial 
exception  to  this  is  found,  however,  in   the  impoverish  men  t   of  the 
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lodes  of  Group  II  as  they  approach  the  Silver  Lake  lode,  which  is 
itself  of  lower  grade,  and  in  occasional  spots  where  the  lodes  retain 
their  width  but  are  too  low  grade  to  work.  The  pay  shoots  of  these 
lodes  also  grow  longer  with  depth,  which  is  apparently  due  to  the 
increasing  length  of  the  fissures  in  connection  with  the  dip  of  the 
Silver  Lake  lode.  In  the  Silver  Lake  lode  the  pay  ore  is  found  in 
bunches  of  varying  size;  but  as  these  bunches  usually  occur  wherever 
the  tilling  of  the  fissure  is  wide  and  firm  they  probably  do  not  consti- 
tute a  marked  exception  to  the  foregoing  general  rule.  In  the  Royal 
Tiger  mine  not  enough  work  has  been  done  to  reveal  the  real  shape 
and  extent  of  the  ore  body.  In  the  North  Star  mine,  on  Little  Giant 
Mountain,  the  ore  occurred  irregularly  in  a  stringer  lead,  but  the  old 
stc)p<*  maps  show  the  pay  shoot  as  a  whole  to  have  been  about  700  feet 
in  length  on  the  levels  and  to  have  pitched  to  the  soutlieast.  Other 
small  ore  bodies  were  found  farther  in  the  mountain,  to  the  northwest. 
In  the  Sunnyside  and  Sunnyside  Extension  mines  the  pay  shoots  are 
mainly  lenticular  bodies  30  or  40  feet  in  length,  lying  on  the  lianging 
or  foot  wall  side  of  the  lode,  or  between  plates  of  rhodonite.  Owing 
to  the  lack  of  maps,  the  exact  sizes  and  shapes  of  these  ore  bodies  are 
not  known. 

In  the  Silver  Queen  mine,  on  Bear  Creek,  the  ore  occurs  in  three 
separate  pay  shoots,  pitching  south  and  separated  by  from  12  to  15 
feet  of  lean  (quartz.  The  northern  pay  shoot  consists  of  low-grade 
chalcopyrite,  with  subordinate  galena  and  tetrahedrite.  The  middle 
ore  bmly  is  rich  in  an  argentiferous  sulphobismuthite  of  lead  associ- 
ated with  galena,  but  changed  to  chalcopyrite  in  stoping  upward  from 
the  tunnel  level.  The  south  pay  shoot  is  almost  wholly  galena.  The 
development  of  this  mine  is  very  superficial  and  the  three  pay  shoots 
may,  with  more  extensive  workings,  be  found  to  be  simply  portions 
of  one  oi-e  bod}'. 

In  the  Camp  Bird  mine  the  pay  shoots,  so  far  as  known,  appear  to 
be  coextensive  with  the  lode,  disappearing  only  where  the  fissures 
locally  contract  to  a  mere  crack.  What  is  known  as  the  west  pay 
shoot  is  about  1,200  feet  in  length,  and  others  occur  along  the  lode, 
separated  by  pinches.  The  pay  shoots  are  stated  to  be  increasing  in 
length  with  depth.  As  previously  i)ointed  out  (p.  89),  the  auriferous 
portion  of  the  lode  lies  next  the  hanging  wall,  with  a  silver-lead  streak 
near  the  foot  wall. 

In  the  Tomboy,  also,  the  pay  shoots,  as  indicated  by  the  stopes,  are 
long,  and  are  practically  identical  with  the  lode  itself,  disappearing 
only  vvh(»ro  the  latter  is  pinched.  According  to  Mr.  John  Ilerron, 
superintendent,  the  pay  shoots  lie  flat  in  the  lode,  one  al>ove  another, 
and  extend  diagonally  across  from  wall  to  wall.  They  are  said,  more-  • 
ovc!-,  to  be  often  connected  with  certain  post- mineral  fractures  which 
cross  the  vein  diagonally  in  the  same  direction  (see  p.  209).  There 
was  no  means  of  verifying  these  statements,  and  such  minor  pay 
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shoots,  with  the  intervening  lower-grade  qnartz,  are  all  sloped  ont  i 
working  and  would  not  appear  in  an  ordinary  stope  map.  It  i 
beyond  question,  however,  that  in  this  mine  the  best  ore  occurs  t 
qaartz  which  has  been  crushed  by  movement's  8ul)sequent  to  it 
original  deposition.    The  solid,  unbroken,  unstained  quartz  is  invari 

I  ably  of  somewhat  lower  grade.    As  in  the  Camp  Bird,  the  auriferoa 

ore  is  next  the  hanging  wall,  a  silver-lead  streak  lying  near  the  foo 
wall. 

From  large,  regular  pay  shoots,  such  as  are  found  in  the  New  Yori 
City,  Camp  Bird,  and  Tomboy  lodes,  all  gradations  may  be  foan< 
through  smaller,  more  irregular  ore  bodies  down  to  the  occasions 
small  pockets  of  rich  ore  encountered  in  some  of  the  lodes  of  Dec 
Park  and  Maggie  Gulch. 

The  changes  which  take  place  in  pay  shoots  with  depth  are  exceed 
ingly  important  in  mining  operations.  Unlike  the  auriferous  lodes  c 
California,  which  rarely  show  any  progressive  or  regular  change.  1 
the  character  of  their  ores  even  to  depths  of  2,500  feet,  the  pay  shoot 
of  the  Silverton  quadrangle  are  less  constant.  It  is  a  common  belie 
among  mining  men  of  this  region  that  lead  ores  do  not  go  down  t 
great,  or  even  to  moderate,  depths.  In  x)art  this  opinion  is  plainl; 
traceable  to  the  experience  gained  in  exploiting  the  stocks  of  the  Re 
Mountain  district,  which  will  be  described  in  subsequent  pages;  bu 
it  is  pertinent  here  to  see  how  far  it  is  justified  by  the  known  facts  i 
regard  to  the  lodes. 

In  tlie  Aspen  mine  there  are  said  to  have  \>een  several  veins  nea 
the  surface  which  came  together  at  lumlerate  depth.  Below  a  deptl 
\]  ,  of  800  feet  the  galena,  which  was  very  abundant  in  tlie  npi)er  levelfi 
1  f-  is  said  by  Mr.  W.  H.  Thomas  to  have  so  diminished  in  amount  as  t 

make  further  work  unprofitable.  According  to  the  same  informan 
the  oi'e  of  the  Belcher  mine,  on  Sultan  Mountain,  earned  abundan 
galena  of  good  grade  in  the  upper  workings,  but  this  deci-eased  ii 
amount  and  value  in  the  lower  levels,  while  sphalerite  grew  mor« 
abundant.  Actual  verification  of  these  statements  by  observation  ii 
not  now  practicable,  but  Mr.  Thomas,  who  had  been  connected  witl 
l)Oth  mines,  was  undoubtedly  himself  convinced  of  the  truth  of  hii 
statements.  In  the  Royal,  Stelzner,  New  York  City,  Iowa,  and  Eas 
Iowa  lodes  there  is  no  i^resent  indication  of  any  diminution  of  galen] 
or  of  any  other  regular  change  in  the  on*  with  increasing  depth.  Th< 
ore  of  the  New  York  City  lode  where  cut  by  the  Unity  tunnel,  abou 
1,200  feet  below  the  croppings,  shows  abundant  i^alcna,  and  is  simila 
to  the  01*6  in  the  same  vein  on  levels  C  and  7,  400  and  700  feet 
respectively,  above  the  Unity  level.  If  anything,  it  is  of  highe: 
grade.  The  Huckeye  lode  (part  of  the  Titusville  lode)  has  not  beei 
exploited  to  great  depth,  but  tetrahedrite  was  undoubtedly  mor< 
abundant  in  the  upper  than  in  the  lower  tunnel.  In  the  North  Sta 
mine,  on  Little  Giant  Peak,  a  change  in  the  character  of  the  ore  i; 
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well  authenticated  by  Mr.  W.  Crooke,  the  manager.  For  200  feet 
below  the  croppings  the  ore  was  largely  sulphate  of  lead  (anglesite) 
with  some  galena,  and  did  not  carry  much  silver.  Below  that  level 
it  changed  to  unoxidized  galena.  With  increasing  depth  the  place  of 
the  galena  was  largely  taken  b}'  argentiferous  tetrahedrite,  and  in  the 
lowest  workings,  about  600  feet  below  the  cropping,  there  was  very 
little  galena  found.  The  bottom  of  the  pay  shoot  is  said  to  have  l>een 
reached  in  the  lowest  workings,  altliough  the  fissurfe  zone  continues 
to  an  unknown  depth  and  probably  contains  other  pay  shoots,  which, 
however,  may  not  be  large  or  rich. 

In  the  Polar  Star  mine,  on  Engineer  Mountain,  the  ore,  consisting 
of  argentite  and  i)roustite,  is  said  by  Mr.  W.  Crooke  to  have  changed 
abrui)tly  to  iron  pyrite,  carrying  about  12  ounces  of  silver  per  ton 
and  no  gold.  According  to  Mr.  Crooke,  this  change  was  generally 
encountered  at  about  the  same  level  in  all  of  the  mines  on  this  portion 
of  the  mountain.  The  exact  depth  at  which  the  change  took  place  is 
not  known,  but  it  must  have  been  moderate,  probably  not  more  than 
500  feet.  In  the  Palmetto  mine,  on  the  northeastern  extension  of  the 
Polar  Star  lode,  the  ore  near  the  surface  ran  as  high  as  $500  per  ton, 
and  contained  ruby  and  so-called  "brittle"  silver  (probably  proustit^ 
and  argentite),  resembling  that  of  the  Polar  Star  mine.  The  lode 
struck  in  the  shaft  at  a  depth  of  400  or  500  feet  was  of  low  grade,  and, 
as  the  dump  shows,  contained  much  pyrite.  In  this,  as  in  the  case  of 
the  Old  Lout  and  Pride  of  Syracuse,  it  is  sometimes  asserted  that  the 
lode  found  in  the  deeper  workings  was  not  the  same  as  that  which 
had  been  productive  above.  While  a  mistake  of  this  kind  is  not 
impossible  in  indi\idual  cases,  the  threefold  repetition  of  such  a  mis- 
chance in  theSilverton  region  maybe  set  down  as  highly  improbable. 
The  histories  of  the  Pride  of  Syracuse  mine  on  Engineer  Mountain 
and  of  the  San  Juan  Chief  mine  are  almost  repetitions  of  that  of  the 
Palmetto.  The  Old  Lout  lode,  which  produced  rich  bismuthiferous 
ore  to  the  extent  of  several  hundred  thousand  dollars  from  a  shaft 
sunk  on  the  lode,  x>roved  too  poor  to  work  when  crosscut  by  a  long 
tunnel  from  the  bottom  of  Poughkeepsie  Gulch,  about  a  thousand  feet 
])elow  the  croppings.  The  ore  from  this  lowest  level  shows  galena, 
chalcopyrite,  sphalerite,  and  pyrite,  about  equally  distributed  in  a 
gangue  of  quartz  with  a  little  barite.  The  U.  S.  Depositor^"  lode,  in 
Richmond  Basin,  produced  some  galena  ore  in  the  upper  workings, 
but  where  cut  by  a  tunnel,  at  a  depth  of  something  over  500  feet,  the 
lode  proved  worthless.  In  this  case  the  lode  is  well  defined,  but  shows 
scarcely  any  mineralization  in  the  lower  workings.  In  the  LTncom- 
pahgie  Chief,  a  prospect  near  Mineral  Point,  a  shaft  50  feet  in  depth 
has  passed  through  ore  containing  an  argentiferous  sulphobismuthite 
of  copper  and  lead,  into  an  ore  of  which  pyrite  is  the  chief  mineral 
constit  uent.  In  the  Dolly  Varden  niine,  north  of  Rose's  Cabin,  accord- 
ing   to  Mr.    James  Abbott,   good   ore  containing  tetrahedrite  and 
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''brittle  silver"  (?)  was  found  in  the  shaft,  but  no  pay  ore  was  encoun- 
tered in  a  lower  crosscut  tunnel. 

From  the  foregoing  it  appears  that  in  this  region  pay  shoots  con- 
taining chieflj^  ores  of  lead,  silver,  and  copper  may  change  in  miner- 
alogical  character  and  in  value  within  very  moderate  depths.  .  But 
while  galena  in  one  case  has  been  succeeded  by  tetrahedrite  and  in 
another  case  partly  by  sphalerite,  in  other  lodes  containing  silver- 
lead  ore  tetrahedrite  (Royal  Tiger  and  Buckeye  mines)  and  sphal- 
erite (Iowa  lode)  have  been  more  abundant  in  the  upper  than  in  the 
lower  workings.  Thus  the  facts,  as  at  present  known,  do  not  justify 
the  general  statement  that  galena  passes  into  gray  copper  with  depth, 
or  vice  versa.  The  change  from  galena  to  sphalerite  with  increasing 
depth  is  a  well-known  phenomenon  in  the  lead  and  zinc  deposits  of 
southwestern  Wisconsin,  and  is  explained  by  Van  liise  ^  as  a  result 
(1)  of  a  first  concentration  by  ascending  waters  and  (2)  of  a  second 
concentration  by  descending  watera.  It  is  possible  that  the  change 
recorded  in  the  Belcher  is  of  this  character.  But  the  occurrence  of 
abundant  argentiferous  galena  and  tetrahedrite  in  the  Virginius  lode 
at  the  Revenue  Tunnel  level,  over  2,000  feet  below  the  croppings,  and 
of  galena  in  the  deepest  workings  on  the  New  York  CHy  lode,  indicate 
that  both  tetrahedrite  and  galena  may  occur  abundantly  and  retain 
their  values  at  far  greater  depths  than  were  reached  in  the  Aspen, 
North  Star,  and  other  mines  of  the  Silverton  quadrangle,  in  which, 
the  pay  shoots  are  reported  to  have  diminished  in  value  or  to  have 
diiiappearcd  entirely.  As  applied  to  the  lodes,  thiMcfore,  the  oft^^u- 
heard  arbitrary  dictum  that  galena  and  tctrahe<lrite  "do  not  go 
down,"  in  so  far  as  it  relates  to  the  depths  ordinarily  met  with  in 
mining,  is  a  generalization  based  on  insufficient  premises,  although, 
as  will  appear  in  the  dis(Hission  of  the  origin  of  the  ores,  there  are 
theoretical  reasons  for  supposing  these  minerals  less  likely  than  cer- 
tain other  sulphides  to  be  found  in  abundance  at  great  dei)ths.  With 
regard  to  the  rich  silver  ores  argentite  and  ])i()ustite,  tlu*  known  facts, 
incomplete  as  they  are,  seem  to  warrant  the  conclusion  that  these 
minerals  occur  in  the  upper  portions  of  the  lodes  only,  and  do  not 
extend  to  great  depths,  probably  rarely  over  500  feet  in  this  region. 
This  is  in  general  accord  with  observations  in  other  districts  where 
these  and  other  rich  silver  minerals  occur,  and,  as  will  l)e  later  shown, 
this  fact  has  an  important  bearing  on  the  question  of  tlie  genesis  of 
the  ores. 

The  V(n-tical  range  of  the  argentiferous  siilphobisiuuthites  of  lead 
occurring  in  the  Silverton  region  is  not  known,  but  there  are  some 
indications  that  they  do  not  extend  to  gn^il  d(q)ths. 

The  free  gold  ores  have  not  yet  been  worked  to  a  sufficient  extent 
in  the  Silverton  (luadrangle  to   furnish  any    very  leliable  data  as  to 

'Sonif  priucipjcs  controlling  the  dt»p*J^ition  of  ores:  Trnns.  Am.  ln>t.  Min.  Eiij^..  Vol.  XXX, 
liKMl,  pp.  UH-UHK 
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their  possible  changes  in  value  with  depth.  The  indications,  however, 
are  in  favor  of  a  varying,  but  on  the  whole  more  nearly  constant, 
tenor  as  they  are  mined  to  greater  depths,  than  in  the  case  of  silver- 
load  ores.  It  is  fair  to  assume  that  the  C(msiderable  depth  to  which 
the  lodes  of  California  have  teen  mined  without  revealing  any  regular 
increase  or  (h'crc^ase  in  the  tenor  of  the  pay  shoots  below  the  zone  of 
oxidation  is  something  more  than  a  mere  local  j^henomenon,  and 
holds  for  gold-quartz  lo<les  somewhat  generally,  provided  that  the 
lissures  are  continuous  and  the  country  rock  is  unifonn. 

RELATION   OF   ORES  TO    KIND   OF   COUNTRY    ROCK. 

As  far  as  known,  the  influence  of  the  country  rock  upon  the  deposi- 
tion  of  the  lode  ores  in  the  Silverton  quadrangle  is  small.  Extensive 
productive  ore  bodies  occu  •  in  monzonite  and  in  the  volcanic  rocks  of 
both  the  Silvei-ton  and  San  Juan  series;  and,  although  none  are  worked 
in  the  Algonkian  schists,  there  is  no  indication  that,  given  a  suitable 
fissui-e,  ores  would  not  be  deposited  as  readily  in  these  as  in  other 
rocks.  The  influence  of  the  wall  rock  upon  ore  deposition  appears  to 
be  limited  to  a  tendency  toward  impregnation  and  replacement  in  the 
deposition  of  ores  in  some  of  the  rhyolitic  and  andesitic  flow  breccias 
and  tuffs.  This,  however,  is  a  phenomenon  relating  to  the  form  of  the 
deposit,  and  to  the  subject  of  the  alteration  of  the  wall  rocks  rather 
than  to  the  character  of  the  ores  themselves. 

SECONDARY  ALTERATION  OF  THE  LODE  ORES. 

Owing  to  the  fact  that  erosion  in  this  high  region  is  effected  by 
mechanical  disintegration  rather  than  by  secular  decay,  the  oxidation 
of  the  ores  is  not,  as  a  rule,  very  extensive,  and  is  sometimes  negligi- 
ble. In  the  North  Star  mine,  on  Little  Giant  Peak,  oxidized  oi^e,  con- 
sisting chiefly  of  anglesite,  is  reported  to  have  extended  to  a  depth  of 
iW)feet.  Ordinarily,  however,  complete  oxidation  is  ver>' superficial, 
although  traces  may  be  found  at  much  greater  depths  than  200  feet. 
C-arbonate  and  sulphate  of  lead  and  carbonates  of  copper,  often  asso- 
(Mated  with  the  unaltered  sulphides,  occur  in  the  croppings  of  most  of 
the  lodes  carrying  galena  and  tetrahedrite  or  chalcopyrite.  In  the 
Silver  Lake  mine  sulphate  and  carbonate  of  lead  occurred  abundantly 
in  the  highest  level  (No.  4)  with  unoxidized  ore.  At  the  level  below, 
however,  the  secondary  ores  were  unimportant.  As  is  commonly  the 
case  in  this  region,  there  is  no  sharp  line  separating  an  upper  zone  of 
oxidation  from  the  sulphide  oi'es.  The  decomposition  of  the  original 
ore  minerals  has  pen(^trated  irregularly  downward  wherever  oxidizing 
waters  found  opi)ortunity  to  descend,  and  is  seldom  limited  by  a  dis- 
tinct water  level.  Very  commonly  the  level  of  permanent  water  lies 
far  below  the  oxidized  portion  of  the  lode.  In  the  Tomboy  and  Camp 
Bird  mines  black  oxide  of  manganese  occure  in  the  deepest  workings 
and  usually  indicates  good  ore.     In  these  cases  tlv^  o>L\j^fe  ^\k\5fe'*:^?^\» 
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be  associated  with  post-mineral  fracturing  and  crushing  and  to  ha^ 
been  deposited  later  than  the  bulk  of  the  ore.  In  the  New  York  Cit 
lode  of  the  Silver  Lake  mine  a  sooty,  amorphous  sulphide  of  ooppc 
occurs  with  pyiite,  chalcopyrite,  galena,  and  sphalerite.  This  j 
probably  of  secondary  origin,  and  although  not  a  product  of  ordinar 
oxidation  is  yet  considered  as  due  to  descending  waters  peroolatin 
downward  from  the  s&one  of  weathering  above. 

ORIGIN  OF  THE  LODE  ORES. 

Although  the  ores  of  the  lode  present  many  features  not  found  i; 
the  stock  deposits  of  the  Red  Mountain  district,  yet  in  the  esaentif 
points  of  their  origin  they  possess  so  much  in  common  that  it  wool 
be  impossible  to  treat  the  two  forms  of  deposit  separately  withov 
much  overlapping.  Accordingly  the  question  of  the  origin  of  the  lod 
ores  will  be  left  in  abeyance  until  the  stocks  have  been  described. 

VALUE  OF  THE  LODE  ORES. 

Generally  speaking,  the  lode  ores  of  the  Silverton  quadrangle  ar 
of  low  grade  and  require  careful  mining  and  milling  to  yield  profit 
able  returns.  The  ores  which  are  or  have  been  worked  vary  in  vain 
from  a  probable  minimum  of  about  $6  to  several  thousand  dollarB  pe 
ton.  The  extremely  high  values,  however,  are  for  ores  carrying  tie 
gold  occurring  only  in  small  amounts  in  pockets  in  otherwise  lo^ 
15  grade  lodes,  or  in  very  small  veins,  such  as  the  Golden  Fleece.     FroB 

the  Sunnyside  Extension  mine,  however,. ore  was  obtained  in  carloa< 

'J!  lots  carrying  $1,500  per  ton  in  gold  alone,  as  shown  by  the  smelte 

returns.     In  the  Silver  Lake  Basin  the  ores  worked  probably  var; 

!il  from  $8  or  $10  to  $60  or  $70  per  ton,  according  to  the  proportion  o 

lead,  silver,  or  gold  which  they  contain.  The  average  of  the  ore  frow 
the  Iowa  mine  is  not  far  from  $12  per  ton,  although  in  places  it  ma; 
contain  from  2  to  3  ounces  of  gold,  thus  affording  much  higher  returne 
The  general  average  of  the  Silver  Lake  mine  is  probably  higher,  a 
half  the  value  of  its  output  is  in  gold.  The  ore  of  the  Royal  Tiger  is 
on  the  other  hand,  somewhat  lower,  the  product  being  chiefly  in  lead 
The  North  Star  mine,  on  Sultan  Mountain,  was  producing  quantitie 
of  ore  in  1882  carrying,  according  to  the  Mint  reports,  40  per  cento 
lead  and  70  per  cent  of  silver.  At  the  coiiimercial  values  for  tha 
year  this  would  mean  an  ore  of  alwut  $120  per  ton,  gross  value,  or,  a 
present  prices,  about  $72  per  ton.  The  Aspen  mine  is  said  to  hav 
produced  one  lot  of  1,000  tons  of  ore  containing  110  ounces  of  silve 
and  GO  per  cent  of  lead,  which  at  present  prices  would  correspond  t 
about  $110  per  ton.  The  average  value  of  the  ore  from  this  mine  was 
however,  probably  less  than  half  this.  The  shipping  ore  from  th 
Ridgway  mine,  containing  finely  disseminated  argentite,  is  reporter 
to  average  about  $110  per  ton,  of  which  about  3  ounces  is  in  gold  am 
the  rest  in  silver.  The  free-^o\d  ox^  ol  the  Tomboy  mine  average 
about  i20  per  ton,  of  which  %\^  \»  Vu  ^o\0l.    'Y\v^  w\o^\.  vvkvxIotbsJc^  Y\ftl 
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ore  now  worked  in  quantity  in  the. quadrangle  is  undoubtedly  the 
gold  ore  of  the  Camp  Bird.  This  is  all  milled,  and  averages  from  $40 
to  *:?00  per  ton  as  delivered  at  the  stamps.  The  gold  ore  of  the  Gold 
King  mine  is  generally  of  low  grade  and  can  be  worked  to  about  as 
low  a  limit  as  any  in  the  quadrangle. 

THE    STOCKS    OR  MASSES. 
DEFINITION   AND   (JENERAL   DESCRIPTION. 

As  defined  by  Von  Cotta,*  ore  stocks  are  irregulai*  bodies  of  ore 
possessing  distinct  boundaries.  They  differ  from  veins  or  lodes  in 
the  absence  of  a  characteristic  tabular  fonn,  and  from  impregnations 
in  being  fairly  solid  masses  of  ore  with  definite  limits,  or,  in  the  case 
of  stock  works  (Stockwerke),  of  a  great  number  df  small  veins  or  ore 
bodies  constituting  a  mass  which  is  worked  as  a  whole.  Phillips'^ 
has  translated  Von  Cotta's  Sfocke  as  *' masses,"  but  this  word  is  so 
general  in  its  sco^k*  and  has  been  used  in  so  many  classifications  with 
varying  significance  that  it  is  here  discarded  as  a  definite  descriptive 
term.  The  nearly  vertical  ore  bodies  of  the  Red  Mountain  district, 
sometimes  locally  known  as  *' chimneys,"  are  substantially  what  Von 
Cotta  has  described  and  defined  as  standing  (or  upright)  stocks. 

The  stocks  of  the  Silverton  quadrangle  are  nearly  vertical,  irreg- 
ularly lenticular  or  spindle-shaped  bodies  of  almost  solid  ore,  sur- 
rounded by  an  envelope  of  much  altered,  partly  silicified  country 
i-ock,  which  is  usually  impregnated  with  pyrite.  Neighboring  ore 
bodies  arc  commonly  connected  by  fissures,  usually  filled  with  wet  clay 
gouge  or  kaolin.  The  sizes  of  the  individual  ore  bodies  vary  greatly. 
In  plan,  lengths  of  40  or  50  feet  and  widths  of  10  or  15  feet  appear  to 
have  Ix^en  not  uncommon.  Accurate  sections  of  actual  stocks  are  not 
now  available,  but  individual  ore  bodies  appear  to  have  been  followed 
in  many  cases  through  several  levels,  and  therefore  to  have  had  a 
nearly  vertical  maximum  dimension  of  several  hundred  feet.  Although 
sometimes  nearly  circular,  the  ore  bodies  generally  showed  a  more  or 
less  elongate<l  or  elliptical  plan,  the  longer  axis  of  which  usually  lay 
more  neaily  north  and  south  than  east  and  west.  The  direction  of  the 
longer  axis  was  not,  however,  always  constant  for  all  depths  of  a 
given  stock. 

The  ore  bodies,  pai^^icularly  in  the  deeper  workings,  were  usually 
found  within  nearly  vertical  zones  of  fractured,  altered  country  rock, 
locally  known  as  "ore  breaks."  Mr.  T.  E.  Schwarz,  who  appears  to 
have  originated  this  term,  says: 

The  ore  bodies  of  the  Red  Mountain  district  occur  as  chimneys  or  chntes,  hav- 
ing great  persistence  in  depth  and  varying  greatly  in  dip  and  cross  section,  but 
ramifying  toward  the  surface.  The  outcrops  of  these  ore  chutes  occur  along  lines 
of  altertitiou  ot  the  andesite  or  inclosing  rock,  and  such  lines  were  undoubtedly 
fracture  planes  of  greater  or  less  extent.  These  fracture  planes  or  belts  of  meta- 
morphosed andesite  were  in  the  early  days  of  the  district  termed  by  me  **qt^ 


ErzlagemtUtton,  p.  J91,  FreiberR,  1859.  ^Ov-  ^iN^-.^"^-  ^- 


104         EOONOXIG   OKOLOGT  OF   8ILVEBTON   QUADBANGLE.    {.muu^UlL 

breaks,"  to  signify  tbe  character  of  the  rock  along  the  line  of  which  the  ore  ohim* 
nejrs  occnrred  or  might  be  expected  to  occur.  They  were  not  fisenre  veins,  in  that 
the  ore  bodies  did  not  confine  tbemselves  to  any  given  plane,  and  in  following 
them  no  definite  conrse  either  laterally  or  vertically  conld  be  counted  npon  ahead 
of  exploration.  The  coarse  of  an  ore  break  I  have  frequently  found  to  change  90" 
in  a  depth  of  several  hundred  feet  J 

DISTRIBUTION. 

The  stocks  do  not  occur  in  all  portions  of  the  quadrangle,  bat  are 
limited  to  a  small,  well-defined  area,  which  corresponds  mainly  to  the 
'  crest  and  westerly  slope  of  what  may  be  termed  for  convenience  the 
Red  Mountain  Range.  This  district  is  bounded  on  the  northeast  by 
Grey  Copper  Creek,  on  the  northwest  by  Red  Creek,  on  the  west  and 
south  by  Mineral  Creek,  and  on  the  east,  with  one  or  two  exceptiona 
near  Red  Mountain,  by  the  ridge  crest  extending  from  Anvil  Moun- 
tain northward  to  Red  Mountain  and  thence  northeast  to  the  saddle  at 
the  head  of  Grey  Copper  Gulch.  The  area  thus  outlined  has  certain 
characteristic  features,  apparent  to  the  most  unobservant  eye.  There 
is  scarcely  an  exposure  of  rock  within  it  which  has  not  been  bleached, 
JBilicified,  or  otherwise  altered,  and  the  whole  has  been  more  or  less 
•  thickly  impregnated  with  fine  crystals  of  pyrite.  The  iron  originally 
contained  in  this  pyrite,  through  weathering  and  oxidation,  has  given 
to  the  Red  Mountain  Range  the  beautiful  coloring  for  which  the  region 
is  noted,  blending  from  the  deepest  red,  through  vermilion  and  orange 
tints,  to  the  most  delicate  yellows  and  grays. 

The  greater  part  of  the  dejwsits,  and  all  of  the  more  important  ones, 
are  closely  gi*oui)ed  in  the  northwestern  part  of  this  area,  in  a  belt  less 
than  a  mile  wide  and  about  4  miles  long,  extending  from  Ironton  to  a 
point  about  a  mile  south  of  Red  Mountain  village. 

Although  no  continuous  fissures  or  veins  can  be  detected  on  tho 
surface,  it  is  noteworthy  that  the  St.  Paul,  Congress,  Senate,  Hudson, 
Enterprise,  Charter  Oak,  Genesee- Vanderbilt,  Yankee  Girl,  Robin- 
son, Guston,  White  Cloud,  and  Silver  Bell  mines  all  lie  close  to  a 
straight  line  l)earing  about  N.  21°  E.  The  National  Helle,  Paymas- 
ter, and  Grand  Prize  mines,  and  a  host  of  less-noted  claims,  are 
apparently  irregularly  disi>osed  on  either  side  of  this  line.     (Fig.  10.) 

South  of  the  vicinity  of  Red  Mountain  the  stock  deiiosits  are  scat- 
tered and  have  not  proved  of  much  importance.  The  only  one  which 
has  produced  ore  in  important  amounts  is  that  of  the  Zuiii  mine,  on 
Anvil  Mountain,  whicii,  however,  is  interesting  chiefly  as  the  source 
of  the  minerals  guitermanite  and  zunyite. 

ORKilN    OF  THE   SPACES   NOW   FILLED   WITH   ORE. 

In  seeking  the  origin  of  the  ore  spaces,  there  are,  in  spite  of  the 
present  obstacles  in  the  way  of  ccmiplete  investigati(»n,  certain  facts 
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.  which  may  be  considered  as  established  and  which  bear  directly  upon 
fhe  problem.  No  solution  can  be  considered  as  satisfactory  which 
does  not  take  them  into  acoount.  They  will  therefore  be  briefly  sam- 
mariaed. 

The  greater  number  of  the  productive  ore  bodies  in  the  Bed  Moun- 
tain district,  such  as  the  Congress,  Hudson,  Yankee  Girl,  Guston,  and 
Silver  Bell,  lie  on  or  close  to  a  line  bearing  about  N.  21^  E.,  which  is 
probably  a  line  of  dominant  fracturing.  It  is  very  probable,  if  not 
demonstrable,  that  a  second  nearly  parallel  zone  of  fractures  extends 
through  the  ground  of  the  National  Belle  mine  southwesterly,  past 
Summit  and  down  Mineral  Creek,  to  the  Silver  Ledge  mine,  near 
Chattanooga.  The  general  course  of  this  line  is  N.  30""  E.  The  ore 
spaces  are  more  or  less  irregularly  spindle-shaped  or  ellipsoidal,  witJi. 
the  longest  axis  commonly  nearly  vertical.  The  country  rook  in 
the  vicinity  of  the  ore  spaces  is  usually  much,  and  rather  irr^gulariy, 
fissured.  Neighboring  ore  bodies  are  commonly  connected  by  fissures, 
and  this  fact  was  taken  advantage  of  in  pro6i>ecting.  When  the  ore 
spaces  are  elongated  or  elliptical  in  plan,  the  longer  axis  generally, 
although  not  always,  lies  a  little  east  of  north.  In  the  Gnston  claim 
the  ore  spaces  usoally  occur  in  what  is  called  the  ^'  ore  break, **  a  cone 
of  fissured  country  rock  striking  N.  20""  or  30""  E.  Simihir  '<ore 
breaks"  were  recognized  in  the  Genesee- Vanderbilt  and  in  other 
mines.  The  country  rock  adjacent  to  the  ore  spaces  is  much  altered, 
'as  described  under  metamorphism,  pages  124-131,  and  is  often  thickly 
impregnated  with  fine  pyrite.  Mr.  S.  F.  Emmons  has  recorded  what 
seemed  to  him  to  be  undoubted  replacement  of  country  rock,  espe- 
cially of  the  Silverton  breccia,  by  ore,  and  even  the  limited  observa- 
tions now  possible  show  that  some  replacement  undoubtedly  took 
place  in  both  the  Yankee  Girl  and  Guston  mines. 

It  is  believed  that  the  explanation  most  consistent  with  the  facts 
above  stated  and  with  others  presented  in  the  detailed  descriptions  of 
the  mines  is  that  the  ore  spaces  were  formed  primarily  by  complex, 
intersecting  Assuring,  and  were  enlarged  both  by  solution  and  by 
metasomatie  replacement.  The  dominant  Assuring  seems  to  have 
been  in  a  direction  between  20°  and  30°  E.  of  N.,  and  is  well  shown 
along  two  principal  zones.  But  there  was  also  much  minor  fractur- 
ing in  various  other  directions.  At  the  intersections  of  two  or  more 
of  these  fissures  the  country  rock  was  usually  brecciated  and  fur- 
nished channels  for  the  ascending  currents  of  warm  or  hot  mineral- 
bearing  waters  which  effected  the  pronounced  hydrothermal  meta- 
morphism so  conspicuous  in  the  rocks  of  this  particular  district. 
That  such  waters  were  capable  of  considerably  enlarging  the  irregular 
conduits  through  which  they  circulated,  either  prior  to  or  during  the 
deposition  of  the  ore,  seems  likely  when  the  shape  of  the  ore  spaces 
and  the  extent  to  which  the  rocks  in  their  vicinity  have  been  altered 
are  taken  into  account.    It  must  be  admitted,  however,  that  in  the  case 
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of  the  small  Ziii!i  ore  bod}"  no  such  solvent  action  was  detected.  The 
fore^oin^  explanation  is  essentially  that  proposed  by  Emmons^  in 
1888,  when  he  pointed  out  the  similarity  existing  between  the  Yankee 
Girl  mine  and  the  Bull  Domingo  and  Bassick  mines  in  the  Silver  Cliff 
district,  Colorado.  As  described  by  L.  R.  Grabill,^  the  Bassick  ore 
body  fills  an  irregular  opening  nearly'  elliptical  in  plan  and  varying 
from  20  to  30  feet  on  the  shorter  diameter  to  nearly  100  feet  on  the 
longer.  It  extends  vertically  downward  for  nearly  800  feet.  No 
walls  have  been  found,  and  there  is  no  distinct  boundary  betweefii  ore 
and  country  rock.  Emmons^  concluded  that  the  ore  body  was  due  to 
f umarolic  action  in  the  throat  of  a  volcano  after  all  explosive  action 
had  ceased.     lie  remarks,  however: 

It  would*  appear  *  ♦  ♦  that  it  was  the  intersection  of  certain  fracture 
planes  that  determined  the  course  of  the  ore  bearing  channel,  and  that  the  ore 
body  is  not  necessarily  the  center  of  tho  volcanic  vent,  but  that,  as  a  second  ore 
chimney  has  already  been  discovered  on  one  side  of  the  first,  it  is  by  no  means 
impossible  that  other  chimneys  or  ore  shoots  may  exist  in  the  body  of  the  agglom- 
erate, which  might  be  discovered  by  judicious  and  systematic  exploration  in  the 
direction  of  the  principal  fracture  planes. 

Ill  the  Bassick  mine  the  ore  was  deposited  in  the  agglomerate, 
replacing  the  fine  interstitial  tuff  and  partly  replacing  the  larger 
volcanic  fragments.^  It  will  be  recalled  that  a  somewhat  similar 
replacement  of  the  San  Juan  breccia  by  ore  was  noted  by  Mr. 
Emmons  in  the  Yankee  Girl  mine  (p.  216).  In  the  Bull  Domingo  mine 
"the  ore  occupies  a  nearly  vertical  chimney-like  channel  in  a  con- 
glomerate or  breccia  mass,  and  the  minerals  are  deposited  in  concen- 
tric scales  around  the  bowlders  or  rock  fragments."^  This  ore 
channel  *'  was  primarily  formed  by  a  complicated  intersection  of  a 
number  of  fracture  planes  which  produced  a  zone  of  broken  country 
rock,  in  which  the  included  fragments  may  have  been  somewhat 
rounded  by  attrition,  but  whose  final  rounding  was  more  likely  com- 
pleted by  the  solvent  action  of  percolating  solutions."* 

It  is  evident  from  the  descriptions  given  of  the  Red  Mountain 
stocks  that  the  term  *' chimney"  applied  to  them  is  somewhat  mis- 
leading. They  are  not  simple  vertical  pipes  of  ore  extending  from  the 
surface  to  indefinite  depths,  but  are  separate  bodies  of  irregular, 
lenticular,  or  spindle-shaped  form,  often  completely  inclosed  by 
country  rock,  but  linked  with  neighboring  stocks  by  fissures  which 
are  often  small  and  which  carry  little  or  no  ore.  There  is  no  evi- 
dence whatever  to  indicate  that  they  occupy  the  necks  of  former 
volcanoes.      Although    they    occur    in    volcanic  breccia,   it  is    the 


1  Striu-tural  relations  of  oro  deposits:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XVI,  1888,  pp.  833-^34. 
^  On  the  peculiar  foa tares  of  the  Bassick  mine:  Trana  Am.  Inst  Min.  Eng.,  Vol  XI,  1882, p.  110. 
3  The  tiiiues  of  Custer  County,  Colo. :  Seventeenth  Ann.  Rept.  U.  S.  OeoL  Survey,  Pt.  II, 

mm.  p.  4;«. 

*  S.  F.  Emmous,  loc.  cit.,  p.  438. 

*  Emmons,  loc.  cit.,  p.  44.'>. 

*  Emjuons,  loc.  cit.,  p.  446 
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normal  andesitic  breccia  of  the  Silveiton  formation,  which  covei-s  hun- 
dreds of  square  miles  of  the  San  Juan  region,  and  is  in  no  sense  an 
agglomerate  filling  a  volcanic  neck. 

Another  common  explanation  is  that  the  Red  Mountain  stocks 
occupy  the  throats  of  extinct  geysers  and  hot  springs.  The  supposi- 
tion tliat  the  ascending  heated  wat4?rs  which  were  primarily  instru- 
mental in  forming  ore  bodies  may  have  issued  as  hot  springs,  or  even 
geysers,  from  a  former  surface,  is  of  course  jicrfectly  tenable  and 
difficult  to  disprove.  But  to  argue  that  the  knolls  of  silicified  and 
impregnated  andesitic  breccia  conspicuous  in  the  topograph}'  of  to-day 
are  really  mounds  of  siliceous  sinter  is  to  be  carried  away  by  an 
analogy  of  the  most  unessential  and  superficial  kind.  The  knolls 
exist  merely  because  the  bleached  and  altered  rock  of  which  they  ai-e 
composed  I'esists  erosion  better  than  the  crumbling,  more  easily 
weathered  brec<3ia,  which  has  been  less  affected  by  the  mineralizing 
solutions  and  is  more  readily  disintegrated  and  carried  away  by  rains 
and  streams. 

It  seems  most  reasonable  to  regard  the  ore  spaces  of  the  Red 
Mountain  district  as  a  local  modification  of  the  general  fissuring  of 
the  region.  It  is  possible,  however,  that  much  of  the  minor,  very 
irregular  fissuring  which  is  characteristic  of  this  region  may  be  due 
to  contraction  within  the  rock  mass  ccmsequent  upon  the  prevalent 
alteration  of  the  volcanic  rocks  to  aggregates  of  quartz,  kaolin,  and 
pyrite,  with  tho  removal  of  certain  constituents,  as  more  fully  dis- 
cussed on  pages  114-131.  Xot  only  was  the  fissuring  locally  complex, 
but  the  ascending  thermal  waters  had  more  chemical  and  probably 
more  [physical  activity  than  elsewhere  within  the  fjuadrangle,  whereby 
solution  played  an  important  ]>art  in  enlarging  zones  or  aggregations 
of  fractures  into  ore  spaces  and  in  metamorphosing  the  country  rock 
to  an  extent  not  elsewlKM-e  observed  in  this  region.  TIh»  causti  of 
this  local  intensity  of  chemical  and  physical  activity  is  not  known, 
although  it  is  i)rol)abl(»  that  the  circulating  intratclluric  watei^s  were 
here  hotter  and  more  C()i)ious  than  elsewhere.  Some  indication  of 
the  latter  is  afforded  by  the  abundant  strongly  mineralized  si)rings 
whi(*h  issue  from  the  surface  in  this  district  at  the  i)resent  day. 
There  is,  moreover,  .soni(^  geological  grounds  foi*  believing  that  the 
U(m1  Mountain  rc^gion  may  have  Ixhmi  formorly  a  local  center  of 
v()l(*anic  activity. 

1'here  has  i)robably  Ixhmi  fracturing  of  the  rocks,  or  at  least  move- 
ment along  preexisting  fissures,  since  the  ore  bodies  were  formed,  but 
there  are  not  at  present  facilities  for  studying  the  relation  of  the 
older  to  the  later  fissures.  It  may  even  he  considered  doubtful 
whether  the*  so-called  fault  found  below  the  seventh  level  in  the 
Gust  on  and  the  sixth  level  in  the  Vank(M'  (iirl  is  entirely  a  post- 
mineral  dislocation,  or  whether  it  is  in  part  a  fracture  antedating 
f/ic  deposition  of  the  ore. 
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CHARACTER  AND   STRUCTURE   OF  THE   ORE. 

It  is  very  difficult,  on  accouDtof  the  i)resent  condition  of  the  mines, 
to  give  a  satisfactory  account  of  the  mineralogy  and  structure  of  the 
ores  occurring  in  the  stocks.  The  chief  difference  between  these  ores 
and  those  occurring  in  the  lodes  seems  to  have  been  the  fact  that  the 
former  occurred  in  nearly  solid  masses,  with  very  little  gangue.  The 
occurrence  of  enargit<i,  moreover,  is  apparently  peculiar  to  the  stock 
<leposits  in  this  region,  the  mineral  not  being  known  in  the  lodes.  It 
does  not,  however,  occur  in  all  of  the  stocks.  The  more  common  ore 
minerals  of  the  latter  are  galena,  sphalerite,  tetrahedrite,  enargite, 
chalcocite  (stromeyerite),  bornite,  chalcopyrite,  and  pyrite.  While 
the  galena  ore  of  the  upper  levels  was  argentiferous,  the  highest 
silver  values  occurred  in  connection  with  the  copper-bearing  minerals, 
especially  the  chalcocite,  bornite,  and  chalcopyrite.  These  three  ore 
minerals  were  almost  invariably  accompanied  by  pyrite.  In  the 
richer  portions  of  the  ore  bodies  the  pyrite  was  subordinate,  and 
appears  to  have  been  found  chiefly  in  the  peripheral  portions  of  the 
stocks.  But  in  the  poorer  ores  the  argentiferous  copper  minerals 
occurred  as  nodular  bunches  in  masses  of  low-grade  iron  pyrite  car- 
rying up  to  5  per  cent  of  copper  and  a  little  silver,  usually  less  than 
10  ounces  per  ton,  and  a  fraction  of  an  ounce  of  gold.  The  pyrite 
usually  forms  a  rather  fine-grained  and  sometimes  crumbling  aggre- 
gate, but  in  the  Zuiii  mine  occurs  in  beautifully  sharp  octahedra 
embedded  in  white  kaolin.  Bismuthiferous  ores  of  silver  and  lead 
occurred  in  some  of  the  ore  bodies,  notably  in  the  Silver  Bell  and 
Genesee- Vanderbilt.  Specimens  from  the  latter  mine  contain  a 
bright  lead-gray  mineral  having  the  physical  properties  of  cosalite, 
which  chemical  tests  show  to  be  slightly  argentiferous  sulphobis- 
muthite  of  lead  containing  a  little  copper.  Cosalite  occurred  also  in 
the  Yankee  Girl.  The  rare  mineral,  kobellite,  a  sulphantimonite  of 
lead  with  bismuth  partly  replacing  the  antimony,  was  found  in  the 
Silver  Bell  mine,*  carrying  from  3  to  4  per  cent  of  silver.  The 
only  other  known  occurrence  of  this  mineral  is  at  Hvena,  Sweden. 
Th(^  rich  silver  ores  proustite  and  polybasite  occurred  in  the  Yankee 
Girl,  Genesee-Vanderbilt,  and  probably  other  mines  of  this  district. 
Teiinantite  is  rei)orted  to  have  occurred  in  the  National  Belle  mine. 
Zinkenite  has  been  described  by  Hillebrand^  from  the  Brobdignag 
claim,  a  now  abandoned  prospect  in  the  Red  Mountain  Range  near 
Chattanooga.  Guitermanite  and  zunyite  occur  in  the  Zufii  ore  body 
and  in  a  few  prospects  close  to  the  latter,  the  zunyite  as  small  spark- 
ling, colorless  tetrahedrons  embedded  in  the  massive,  bluish  lead- 
gray  guitermanite.  Barite  is  apparently  always  present  in  the  ores 
of  the  stock  ileposits.  It  often  occurred  as  isolated  crystals  or  crys- 
talline masses  embedded  in  the  argentiferous  bornite  of  the  Guston 


1  H.  F.  K.'IUt:  Zeitschrift  fiir  Krystallographie,  VoL  XVU,  1890,  pp.  67-73. 
-PrcK!.  Colo.  Sci.  Soc,  Vol.  I,  l883-«4,  p.  127. 
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and  Yankee  Oirl  mines,  and  these  inclosed  masses  oocasionHUy  carried 
free  gold.  In  the  Zuiii  it  is  intimately  associated  with  pyrite  and 
kaolin.  The  latter  mineral  is  found  associated  with  the  ores  of  all 
the  Red  Mountain  mines,  sometimes  occurring  in  the  ore  or  serving 
as  a  matrix  to  pyrite,  as  in  the  Zufii,  but  more  abundantly  in  fissures 
in  the  wall  rock  and  as  a  direct  product  of  the  alteration  of  the  latter. 

Although  the  common  structure  of  the  principal  ore  bodies  was 
that  of  a  solid  and  massive  aggregate,  yet  there  is  evidence  that  vugs 
or  cavities  sometimes  occurred  in  the  unoxidized  ores.  Stalactites  of 
pyrite,  having  the  radial  structure  usually  considered  as  character- 
istic of  marcasite,  were  seen,  which  were  said  to  have  come  from  caves 
in  the  Gtonesee- Vanderbilt.  Si)ecimens  of  enargite  from  the  National 
Belle  mine,  preserved  in  various  cabinets,  show  a  free  development 
of  clusters  of  radial  prisms  of  enargite,  such  as  could  only  have  formed 
in  open  spaces.  The  well-cr3rstallized  specimens  of  {xilybasite  which 
have  come  from  the  Red  Mountain  district  were  also  probably  formed 
in  vugs. 

The  large  caves,  however,  such  as  were  a  feature  in  the  upper  work- 
ings of  the  National  Belle  mine,  appear  to  have  occurred  above  the 
ground-water  surface.  A  few  of  the  smaller  of  these  caves  only  could 
be  seen  in  1899,  and  we  are  dependent  upon  the  description  of  T.  £. 
Schwarz^  for  knowledge  of  the  occurrence  of  the  oxidized  or  second- 
ary ores.  According  to  him,  they  occurred  '^  above  a  former  water 
line,  either  attached  to  walls  of  caves  as  broken  detached  masses,  or 
as  a  bed  of  clayey  mud  or  sand,  more  or  less  completely  filling  the 
cave."  The  ores  are  said  to  have  been  mainly  '^carbonates  of  lead 
and  iron,  with  iron  oxides,  lead  sulphate,  and  ai^senates."  Kaolinite 
and  zinc  blende  were  common,  and  galena  occurred  as  residual  ker- 
nels. "Such  are  the  ores  of  the  National  Belle,  Grand  Prize,  and 
Vanderbilt  mines.  Other  mines  omit  lead  minerals  and  carry  oxide 
and  sulphide  of  bismuth."  Several  hundred  pounds  of  this  metal  are 
said  to  have  been  reduced  in  Durango.  These  caves  ai-e  stated  to 
have  ramified  through  the  knolls  of  silieified  andesiie,  such  as  that 
described  at  the  National  Belle  mine,  which  **aro  cut  up  by  cross 
fractures."  The  following  general  conclusions  are  cited  from  Mr. 
Schwarz's  paper: 

1.  The  secondary  ores  are  richer  than  the  sulphide  ores  occurring 
below  them. 

2.  The  ores  of  adjoining  or  connecting  caves  are  sometimes  greatly 
different  in  grade. 

3.  In  some  cases  the  fonnation  of  the  caves  along  fracture  or  cleav- 
age planes  is  evident,  but  in  others  all  traces  of  such  planes  are  quite 
obliterated. 

4.  The  cave  walls  are  a  porous  sandy  quartz  (see  description  of 


» Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XVIII,  \mi  pi).  139-145. 
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National  Belle  mine,  p.  231),  the  sand  from  the  disintegration  of  which 
forms  part  of  the  cave  filling. 

5.  The  line  of  change  from  oxidized  to  nnoxidized  ores,  or  the  for- 
mer water  level,  is  very  marked.  It  varies  as  much  as  100  feet  in  ele- 
vation in  properties  within  1,000  feet  of  each  other,  rising  to  the  south 
and  west.     The  quartz  outcrop  rarely  rises  more  than  200  feet  above  it. 

0.  In  isolated  cases  may  be  found  masses  of  the  unoxidized  ore,  the 
enargite,^  above  the  line  of  change,  in  the  vicinity  of  the  secondary 
ores. 

Mr.  S(»hwarz  considered  the  caves  and  secondary  ores  to  have  been 
due  to  surface  waters,  which  dissolved  the  sulphide  ores  and  country 
rock  as  they  move<l  along  fracture  planes.  It  appears  unlikely,  how- 
ever, that  the  surface  waters  exercised  much  solvent  action  upon  the 
country  rock.  Their  function  was  probably  limited  to  the  oxidation 
of  the  ore  and  to  the  removal  of  some  of  its  constituents. 

CHANGES   IN  THE   ORE   WITH   DEPTH. 

As  indicated  in  the  preceding  section,  the  ores  of  some  of  the  stocks 
were  partially  oxidized  down  to  the  ground-water  surface.  This  sec- 
ondary alteration  was  particularly  noticeable  in  the  National  Belle 
mine,  and  to  some  extent  in  the  Vanderbilt  mine,  but  was  a  much 
less  conspicuous  feature  in  the  Yankee  Girl,  Guston,  and  other  mines, 
the  ore  bodies  of  which  outcropped  nearer  the  bottom  of  the  valley  of 
Ked  Creek.  The  oxidation  apparently  presented  no  unusual  fea- 
tures, and  seems  to  have  consisted  chiefly  of  the  transformation  of 
galena  to  carbonate  and  sulphate  of  lead,  with  removal  of  more  solu- 
ble constituents,  i^eduction  in  the  bulk  of  the  ores,  and  the  consequent 
formation  of  caves.  Even  when,  as  in  the  case  of  the  National  Belle, 
the  ore  of  the  deeper  workings  was  chiefly  enargite,  the  oxidized  ores 
nearer  the  surface  were  evidently  largely  composed  of  lead  com- 
pounds, as  no  reference  is  found  to  the  occurrence  of  copper' carbon- 
ates. This  result  is  probably  less  a  consequence  of  any  peculiar 
process  of  oxidation  than  of  the  relative  disposition  of  the  sulphide 
or  unoxidized  ores  prior  to  superficial  weathering.  It  is  with  the 
clianges  in  these  hitter  ores  relative  to  depth  that  this  section  has 
chiefly  to  do. 

In  s])ite  of  the  diversity  shown  by  the  different  ore  bodies,  there  is 
after  all  remarkable  uniformity  to  be  found  in  the  change  at  very 
moderate  deptlis — usually  less  than  300  feet — from  an  ore  consisting 
chiefly  of  argentiferous  galena  to  highly  argentiferous  silver-copper 
ores,  and  then  a  gradual  diminution  of  value  downward  through  the 
increasing  proportion  of  low-grade  pyrite  in  the  ore  bodies.  These 
changes  are  best  reconled  in  the  Yankee  Girl,  Guston,  and  Silver  Bell 


>  It  in  evident  that  in  this  description  Mr.  Schwarz  has  the  National  Belle  deposit  most  in 

mind. 
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iiiiMMk  TliM«iK«eeftaiBexeeptioii8to  wbalmaybeTC!^^ 
Bormal  or  oomptole  aequeiioe.  Thus  the  CougieeB  mine  appean  *#,  - 
kave  had  an  we  eonriiting  chiefly  of  enargite,  with  some  bondMS-df 
galena,  from  the  earopptngR  downward.  That  the  enargite  at  gMatoi^ 
depth  will  gradnalljr  give  place  to  iron  pyrite,  with  diminishing: 
amounts  of  ebalcoRirrlte,  can  scarcely  be  donbted  m  tilie  Ught  of  whalp 
is  known  d  other  depCNSits  erf  this  district  In  the  Katimial  Beile» 
enargite— in  this  case  low  grade — was  eneonntered  near  the  snrCsee^ 
but  the  oxidized  ore  in  the  rilicepus  knoU  which  forms  the  croppings 
appears  to  have  been  derived  ehiefljf  from  galena,  while  b^w  tfie 
*  Hiird  level  (fig.  20)  practicaUy  no  pay  ore  was  found.  Ezplorati^M 
im  the  fourth  level  resulted  only  in  tiie  finding  of  small  bunoliea  of 
good  ore  and  masses  of  crumbling  iron  pyrite  carrying  less  than  OA 
Oiince  of  gold  and  about  5  ounces  of  silver  per  ton,  with  front  1  te 
S  per  cent  of  copper. 

Chalcopyrite  appears  to  have  been  usually  good  ore.  It  cani68» 
ttieoretically,  34.5  per  cent  of  copper,  and  in  the  Bed  Mountain  dkh 
trict  ran  well  in  silver  and  gold;  but  its  appearance  in  great  quanti^ 
was  apparently  a  precursor  of  the  ultimate  change  to  ores  carryiiig 
<Sil6fly  the  low-gmde  iron  pyrite. 

Although  there  was  on  the  whole  a  general  change  from  ai^pentif-* 
inous  lead  ores  to  argentiferous  and  auriferous  copper  oreo,  a&d; 
finally  to  slightly  argentiferous  and  auriferous  iron  sulphide  (pyrite),, 
yet  the  progression  was  an  overlapping  and  irregular  one  in  detail. 
Iron  pyrite  and  chalcopyrite  occurred  at  practically  all  depths,  while 
galena  in  small  bunches  was  sometimes  found  far  below  the  point  at 
which  it  had  ceased  to  be  the  principal  ore. 

VALUE  OP  THE  ORES. 

The  ores  of  the  stocks,  like  those  of  the  lodes,  vaiy  widely  in  value. 
In  1883,  5,000  tons  of  ore  extracted  from  the  Yankee  Girl  averaged 
nearly  tl50  per  ton.  A  lot  of  10  tons  from  the  richest  stopes  of  the 
same  mine  carried  3,270  ounces  of  silver  per  ton  and  29  per  cent  of 
copper,  corresponding  to  an  average  value  per  ton  of  about  (3,000. 
Much  richer  ore  than  this  occurred  in  small  quantities  in  the  Yankee 
Girl  and  Guston.  The  average  sales  value  per  ton  of  the  ore  of  the 
latter  mine  has  been  given  in  the  table  on  p.  222  as  $91.81  for  a  period 
of  eight  years.  The  highest  annual  average  was  $363.25  i>er  ton,  and 
the  lowest  $i0.70.  These,  it  should  be  borne  in  mind,  are  the  prices 
for  which  the  ore  was  actually  sold  to  the  smelters.  Values  based 
directly  upon  metallic  contents,  without  reference  to  cost  of  treat- 
ment, would  be  higher.  The  highest  aunual  average  represents  the 
ore  from  the  rich  stopes  above  the  seventh  level.  The  lowest  corre- 
sponds to  the  low-grade  pyritic  ore  of  the  deeper  levels.  The  richest 
ore  recorded  from  this  district  was  some  taken  in  1891  from  the  6us- 
ton  at  a  depth  of  378  feet,  which  carried  15,000  ounces  of  silver  and 
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3  ounces  of  gold  per  ton,  worth,  at  the  then  current  price  of  silver, 
|!U,880. 

The  ore  of  the  Genesee- Vanderbilt  was  of  much  lower  grade  than 
that  of  the  Yankee  Girl,  Guston,  and  Silver  Bell.  Its  gross  value  for 
any  one  year  probably  never  averaged  more  than  $40  per  ton.  No 
records,  however,  are  available  for  the  ore  taken  out  prior  to  1893, 
when  the  price  of  silver  stood  higher.  The  ore  of  the  National 
Belle  was  also  low  grade,  but  its  average  value  is  not  known. 

MINERAL  WATERS  ASSOCIATED  WITH  THE  ORE  DEPOSITS. 

Probably  all  the  waters  met  with  in  the  mines  of  the  Silverton 
quadrangle  now  accessible  are  meteoric  waters  variously  modified  by 
the  materials  though  which  they  have  passed  in  their  more  or  less 
direct  des(?ent  from  the  surface.  The  abundance  of  these  watei*s 
varies  much  in  different  mines,  and  fluctuates  with  the  seasons.  In 
the  (iold  King  mine  scarcely  a  drop  of  water  reaches  the  lower  levels. 
Many  other  mines,  such  as  the  Silver  Peak  and  Iowa,  which  are 
moderately  wet  in  summer,  become  nearly  dry  in  winter,  owing  to  the 
freezing  of  the  ground  near  the  surface.  In  no  case  was  any  notice- 
able spring  or  ascending  mineralized  water  encount/cred  in  the  ore 
deposits  now  l>eing  worked.  The  descent  of  the  meteoric  water  through 
masses  of  pyrite  and  other  ore  minerals  is,  however,  often  sufficient 
to  give  it  a  strong  acid  reaction  and  render  it  highly  ferruginous. 

In  the  Red  Mountain  district  the  troublesome  acid  character  of  the 
mine  waters  was  notorious.  In  spite  of  their  strong  mineral  nature 
and  abundance,  however,  it  is  not  improbable  that  these,  too,  were 
meteoric  waters  which  had  become  strongly  charged  with  sulphuric 
acid  by  their  oxidizing  passage  through  the  adjacent  bodies  of  pyrile 
and  through  the  masses  of  altered  pyritized  country  rock  which  sur- 
round the  latter. 

Strongly  ferruginous  springs  are  abundant  within  the  drainage  of 
Cement  Creek  and  in  the  upper  basin  of  Red  Creek.  As  their  waters 
are  brought  in  contact  with  the  atmosphere  the  iron  in  solution  is 
oxidized  and  deposited  near  the  spring  as  a  mound  or  apron  of  limo- 
nite,  or  accumulates  as  bog  iron  in  the  swampy  ground  along  these 
creeks.  Such  springs,  with  there  accompanying  deposits,  may  be 
well  seen  near  Burro  Bridge,  also  just  below  Chattanooga,  and  near 
the  village  of  Red  Mountain.  A  spring  of  the  same  general  charac- 
ter issues  from  the  hillside  about  150  feet  above  the  Guston  mine, 
and  has  deposited  a  large  apron  of  limonite.  At  present  the  water 
issues  from  a  tunnel  which  was  run  into  the  limonite  mass,  and  has 
cemented  the  dump  of  the  tunnel  into  a  firm,  ferruginous  mass. 
Some  of  this  water  was  collected  for  analysis.  As  it  issues  from  the 
tunnel  it  is  clear,  moderately  cold,  and  noneffervescing,  and  has  an 
astringent  acid  taste.     When  received  in  the  laboratory  at  Washington 
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the   water  gavr*   n   HtiYnigly   aeid   inaction,  and  a  deposit- of  f^priol 
liydroxidt?  t>r  liaKie  fi*r  He  sulphate,  together  wiUi  mnne  si  lira,  had  8*!t*| 
tied  ill  tlia  bottom  at  the  lx»tllt\     Tin*  total  eijiitentii  of  sample*  wen* 
subJBoted  to  partial  qualitative  tresis  by  Dr.  llill^braiid,  witli  tbff  fcil- 
lowiiig  results! 

Ptirfial  analysis  of  waier  from  spring  abtwe  the  Otmion  mine. 
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It  appealed  fnnn  these  preliminary  tests  that  the  water  of  this  spring 
**amed  no  appi'eciable  ainomit^  of  the  important  or^-fonniiig  nietalii, 
and  it  was  not  egnsidered  advisable  to  devote  time  and  labor  to  further 
cbendeal  work  iijion  it.  It  was  at  firnt  hoi>ed  that  its  analysis  might 
throw  some  lij^dit  iipfin  the  nature  of  the  Sfihititms  whieh  orijLrinally 
deposited  the  Red  Mountain  ores.  But  the  preliminary  tests  indicate 
no  characters  that  might  not  be  expected  in  ordinary  meteoric  waters 
after  passing  for  some  distance  through  the  mineralized  and  altera 
rocks  of  the  immediate  vicinity.  There  is,  so  far  as  known,  no  defi- 
nite evidence  connecting  the  ferruginous  springs  of  this  region  directly 
with  the  original  processes  of  ore  deposition,  nor  is  it  necessary  to 
assume  that  the  waters  issuing  from  them  have  come  from  deep-seated 
soarces.  The  mine  waters  of  the  Yankee  Girl  and  Guston  are  said  to 
have  carried  much  copper  in  acid  solution.  This  is  to  be  expected 
wherever  surface  waters  carrying  oxygen  pass  downward  for  any  dis- 
tance through  pyrite  and  chalcopyrite.  The  presence  of  considerable 
alumina  has  an  important  bearing  on  the  question  of  the  metasomatic 
alteration  of  the  country  rock,  as  will  be  later  shown. 

MBTAMORPHISM  OF  THE  COUNTRY  ROCK  IN  CONNECTION  WITH 

ORE  DEPOSITION. 

The  metamorphism  or  change  which  has  been  effected  through  the 
agency  of  the  mineral-bearing  solutions  (hydrothermal  metamor- 
phism) in  the  rocks  adjacent  to  the  ore  bodies  differs  very  markedly 
in  degree,  and  to  a  less  extent  in  character,  in  different  portions  of 
the  quadrangle. 

The  mode  of  alteration  is  in  general  by  vieiasoinatism  (literally 
nge  of  body),  by  which  is  meant  the  process  by  which  a  mineral, 
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through  chemical  reactions,  undergoes  a  partial  or  complete  change 
in  its  chemical  constitution.  Rocks  or  aggregates  of  minerals  are 
"  metasomatic"  if  any  or  all  of  the  constituent  minerals  have  under- 
gone such  changes.^ 

In  Silver  Lake  Basin  the  simple  fissure  veins  which  there  predomi- 
nate, carrying  galena,  sphalerite,  chalcopyrite,  pyrite,  and  sometimes 
tetrahedrite,  in  a  gangue  of  quartz  with  frequently  some  barite,  are  not 
accompanied  by  any  very  evident  or  striking  alteration  of  the  imme- 
diate wall  rock. 

As  elsewhere  pointed  out,  the  rocks  of  Silver  Lake  Basin  belong  to 
the  Silverton  series.  No  attempt  will  be  made  in  this  report  to  give 
the  petrographical  characteristics  of  the  series  as  a  whole  (for  which 
tlie  reader  is  referred  to  the  forthcoming  report  of  Mr.  Whitman 
Cross) ;  it  is  enough  to  say  that  the  prevailing  rock  of  the  basin,  and 
the  one  which  constitutes  the  greater  part  of  the  country  rock  met  with 
in  the  workings  of  the  Silver  Lake  and  Iowa  mines,  is  a  firmly  con- 
.solidated,  homogeneous,  andesitic  breccia.  This  differs  from  the  older 
San  Juan  breccia  in  it«  greater  homogeneity  and  in  the  frequent 
occurrence  of  more  or  less  orthoclase.  Indeed,  it  is  not  unlikely  that 
the  whole  should  be  referred  rather  to  the  latites  than  to  the  andes- 
ites  proper.  With  the  breccia  are  associated  massive  andesites  and 
latites.  The  breccia  is  in  general  somewhat  altered,  even  when  not 
close  to  an  ore-bearing  lode,  a  result  that  is  to  be  expected  when  the 
thorough  Assuring  which  the  rocks  have  undergone  and  the  extent  to 
which  they  must  have  been  permeated  by  ore-bearing  solutions  are 
taken  into  account. 

A  specimen  of  this  rock  taken  on  the  trail  from  Arrastra  Gulch  up 
to  the  basin,  at  an  elevation  of  about  11,800  feet,  may  be  regarded  as 
representative  of  the  relatively  unaltered  facies.  It  is  a  tough, 
greenish-gray  rock  with  pale  lilac-gray  mottlings,  and,  although  show- 
ing a  few  feldspar  phenocrysts,  is  generally  of  rather  compact  texture. 
The  breccia  structure,  not  very  apparent  on  fresh  fracture,  owing  to 
the  homogeneity  of  the  component  fragments,  becomes  visible  when 
the  rock  is  breathed  upon  or  has  been  slightly  weathered.  Under  the 
microscopt^  its  clastic  structure  is  evident.  Fragments  of  general 
andesitic  character  lie  in  the  matrix  of  fine  andesitic  detritus,  which 
is  not  alwaj^s  easily  separable  from  the  larger  fragments.  This  clastic 
matrix  contains  broken  phenocrysts  of  andesine  or  labradorite,  and 
an  occasional  somewhat  rounded  grain  of  quartz,  in  a  fine  feldspathic 
and  obscure  groundmass.  There  is  some  magnetite  present,  but  fer- 
I'oinagnesian  constituents  are  lacking.  If  formerly  present,  they  have 
been  destroyed  by  secondary  alteration.  The  feldspars  are  largely 
changed  to  sericite  (with  perhaps  some  kaolinite)  and  to  calcite,  while 
])unches  of  calcite  and  fiecks  of  chlorite  are  thickly  disseminated 
through  the  rock.     Some  epidote  is  frequently  present,  although  not 
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seen  in  this  particular  slide.  Such  of  the  massive  andesites  and 
latites  as  were  examined  in  thin  section  show  a  similar  devritopiiieiit- 
of  secondary  chlorite,  ealcite,  and  sericite,  indicating  an  alteration 
that  is  essentially  propylitic  in  character. 

Within  the  Silver  Li^e  and  Iowa  mines  the  amount  of  alteration  in 
the  country  rock  which  can  prox>erly  be  referred  to  the  action  of  oie- 
bearing  solutions  moving  along  any  given  fissure  is  slight.  Hie 
breccia  usually  preserves  its  greenish  color  and  general  appearance 
close  up  to  the  fissure  walls.  In  the  Iowa  mine  specimens  were  taken 
in  the  main  crosscut  on  the  fourth  level  at  various  distanocm  from 
the  Iowa  vein,  for  the  purpose  of  stud3ring  the  alteration  of  the 
country  rock  dependent  upon  the  formation  of  this  lode.  All  of  these 
specimens  are  pale  greenish-gray  rocks  of  one  kind — a  breccia  of  the 
type  already  described. 

At  points  160  feet  east  of  the  lode  the  country  rock  is  fine  grained 
and  faintly  mottled,  showing  only  a  few  pale,  minute  phenocryats  of 
feldspar  and  an  occasional  tiny  grain  of  quartz.  Under  the  mioro- 
scope  the  rocl^  reveals  the  character  of  a  much-altered  andeaitio  toff 
or  fine  breccia.  The  feldspars  have  been  completely  altered  to  aggre- 
gates of  sericite  and  ealcite,  while  areas  of  ealcite  and  chlorite  prob- 
ably represent  fomner  phenocrysts  of  augite.  The  groundmasa  ia  a 
rather  indistinct  aggregate  of  secondary  quartz,  sericite,  and  ohlcnrite, 
with  a  little  apatite  and  rutile.  The  rock  is  thus  practically  wholly 
recrystallized  into  a  secondary  aggregate  while  retaining  the  grosser 
structure  of  the  origiual. 

At  a  distance  of  100  feet  from  the  vein  the  country  rock  is  mega- 
scopically  like  that  just  described.  Under  the  microscope  it  shows 
less  alteration  than  the  preceding.  Chlorite  and  ealcite  are  abun- 
dant, but  much  of  the  plagioclase  is  still  recognizable.  Sericite  and 
quartz  are  not  such  prominent  constituents  as  in  the  other  rock. 

At  places  50  feet  from  the  vein  the  country  rock  is  still  of  the  same 
general  appearance  as  that  already  described.  In  thin  section  under 
the  microscope  it  shows  a  general  andesitic  structure,  but  is  almost 
wholly  recrystallized.  The  feldspar  phenocrysts  have  been  changed 
to  aggregates  of  ealcite  and  sericite,  while  areas  of  chlorite  and  eal- 
cite, with  sometimes  rutile,  are  all  that  remain  of  the  phenocrysts  of 
augite  or  biotite.  The  groundmass,  also,  while  preserving  the  out- 
lines and  in  small  part  the  substance  of  former  lath-shaped  feldsx^ars, 
is  now  an  aggregate  consisting  eliiefiy  of  quartz,  chlorite,  sericite, 
and  a  little  rutile  and  apatite.  The  thin  section  does  not  show 
clastic  structui-e,  and  is  probably  from  a  fragment  in  the  breccia. 

At  a  distance  of  2  feet  from  the  vein  the  only  megascopieal  change 
in  the  country  rock  consists  of  the  presence  of  an -occasional  speck  of 
galena.  Rather  curiously,  finely  disseminated  pyrite,  which  is  a  com- 
mon feature  of  most  country  rock  near  a  productive  lode,  does  not  in 
this  case  accompany  the  galena  as  a  megascopieal  constituent.     Under 
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the  microscope  it  is  seen  that  the  alteration  has  been  more  thorougli 
than  in  the  specimens  previously  studied.  The  forms  of  some  of  the 
phenocrysts  are  preserved  by  pseudomorphous  aggregates — sericite, 
with  some  chlorite,  calcite,  and  rntile,  apparently  after  biotite,  and 
calcite,  quartz,  sericite,  and  chlorite  in  varyinj^  proportions  after  augit« 
and  plagioclase.  The  groundmass  is  entirely  recrystallized  as  a  fine 
aggregate  composed  chiefly  of  quartz  and  sericite,  with  less  chlorite. 
Occasional  largergrains  of  quartz  with  rounded  and  embayed  outlines 
are  probably  original  phenocrysts.  A  little  apatite  and  a  few  minute 
grains  of  pyrite  occur  in  the  grovndmass.  The  dominant  minerals  of 
the  rock  are  quartz  and  sericite.  A  specimen  taken  from  the  same 
crosscut  at  a  distance  of  only  10  inches  from  the  west  wall  of  the  vein 
resembles  the  others  closely.  It  does  not,  however,  show  breccia 
structure,  and  is  sparingly  sprinkled  with  small  crystals  of  pyrite. 
Under  the  microscope  the  rock  is  seen  to  be  essentially  an  aggregate 
of  sericite,  quartz,  calcite,  and  chlorite,  named  in  the  order  of  relative 
abundance.  The  former  feldspar  phenocrysts  are  now  pseudomorphs 
of  sericite,  calcite,  and  quartz,  and  biotite  has  been  altered  to  chlorite, 
sericite,  and  rutile.  The  groundmass  consists  chiefly  of  quartz,  chlo- 
rite, calcite,  and  sericite.  Although  this  facies  is  nearer  the  vein  than 
the  preceding,  the  character  of  its  met«morphism  is  perhaps  even  less 
differentiated  from  the  more  general  kind  of  propylitic  alteration 
which  the  country  rock  in  the  mine,  even  at  a  distance  of  several  hun- 
dred feet  from  the  principal  lodes,  has  undergone.  Lastly,  a  specimen 
was  taken  from  the  east  wall  of  the  Iowa  vein  in  the  main  stope  above 
the  fourth  level.  At  this  point  the  vein  contained  good  ore,  and  the 
absence  of  gouge  allowed  the  specimen  to  be  taken  immediately  in 
contact  with  the  ore.  It  differs  from  those  thus  far  described  in  ite 
light-gray  color  and  more  evident  alteration.  It  is  sprinkled  with 
pyrite  and  a  little  galena,  and  is  traversed  by  minute  veinlets  of 
cjuartz.  Its  breccia  structure  is  still  discernible  in  the  hand  specimen. 
Microscopically  examined,  the  rock,  while  retaining  traces  of  clastic 
origin,  is  wholly  recrystallized.  The  former  phenocrysts  of  feldspar 
are  rephvced  by  pseudomorphous  aggregates  of  quartz  and  sericite. 
The  quaitz  in  such  cases  is  often  rather  coarsely  crystalline  (grains 
up  toO.T)  millimeter  in  diameter),  the  sericite  being  included  as  minute 
wisps,  or  gathered  into  bunches  in  the  interstices  between  the  allotrio- 
inorphic  (juartz  grains.  Crystals  of  pyrite  are  sometimes  inclosed  in 
the  quartz.  Of  augite  no  trace  remains,  but  some  sericite  inclosing 
rutile  is  apparently  pseudomorphous  after  biotite.  The  groundmass 
is  a  finely  crystalline  mosaic  of  quartz  and  sericite.  The  notable  fea- 
tuie  of  this  wall  rock  is  the  absence  of  calcite  and  chlorite. 

Th(?  alteration  studied  in  the  foregoing  set  of  specimens,  collected 
for  that  purpose  in  the  Iowa  mine,  has  been  traced  with  similar 
results  in  collections  from  the  neighboring  Silver  Lake  mine.  Cal- 
<*ite  and  chlorite  are  as  a  rule  prominent  constituents  of  the  altered 
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ooantry  rook  to  within  a  few  inches  of  the  productive  lodes.  Fre- 
quently, but  not  always,  the  rock  in  contact  with  the  ore,  or  oocurrlng 
as  small  horses  in  the  veins,  is  free  from  chlorite  and  caldte  and 
consists  mainly  of  quarts  and  sericit«,  with  some  disseminated  ore 
minerals.  The  latter,  however,  are  not  limited  to  the  immediate 
walls  of  the  fissure,  but  specks  of  galena  and  crystals  of  pyrite  may 
occur  25  feet  or  more  from  the  nearest  lode,  in  rock  carrying  much 
oalcite  and  chlorite.'  As  an  example  of  the  extreme  alteration  which 
the  country  rock  has  undergone  in  the  formation  of  these  ore  bodies 
may  be  described  a  specimen  from  the  third  level  of  the  Silver  Lake 
mine,  taken  from  the  wedge  of  country  rock  between  the  Stelsnerand 
Royal  veins  at  their  junction.  The  usual  breccia  is  here  bleached 
almost  white,  and  shows  a  fine,  even-granular  texture  to  the  naked 
eye,  but  as  a  whole  is  shattered,  full  of  quartz  stringers,  and  contains 
flakes  of  galena.  Under  the  microscope,  pseudomorphs  of  serioite 
after  feldspar  and  biotite  preserve  the  only  remnants  of  original 
structure.  The  groundmass  is  a  very  finely  crystalline  aggregate  of 
quartz  and  seridte  traversed  by  microscopic  quartz  veinlets.  As 
usual,  there  is  a  little  rutile  present,  and  some  cr3'8tals  of  pyrite. 

To  sum  up  briefiy,  the  rooks  in  which  the  ore  deposits  of  Silver 
Lake  Basin  occur  are  chiefly  andesitio  or  latitic  breccias.  In  the 
neighborhood  .of  the  mines  these  breccias  have  been  generally  altered 
to  an  unknown  depth.  The  alteration  involves  the  change  of  feld- 
spar to  sericite,  calcit-e,  and  quartz;  of  aujjite  to  calcite  and  chlorite; 
and  of  biotite  to  chlorite,  sericite,  and  rutile.  Although  this  mela- 
morphism  is  probably  connected  with  the  ore  deposition,  it  is  so  gen- 
erally prevalent  that  it  can  not  in  any  case  be  I'ecognized  as  being 
connected  with  the  deposition  of  ore  in  any  ^iven  fissure.  It  appears 
to  have  been  effected  through  the  agency  of  water  charged  with  car- 
bon dioxide  or  carbonates.  The  change  involved  in  the  rocks  is  prop- 
ylitic  in  nature,  and,  as  Lindgi'en^  justly  maintains,  should  bc^  distin- 
guished from  ordinary  weathering,  with  which  it  is  often  confused. 
Close  to  the  veins,  usually  within  a  few  inches,  and  in  small  horses 
of  country  rock  within  the  veins,  metamorphism  of  a  different  kind  fre- 
quently occurs.  Here  calcite  and  chlorite  have  diminished  in  amount 
or  ai'e  wholly  absent,  and  quartz  and  sericite  constitute  the  bulk  of 
the  rock.  This  alteration,  which  plainly  emanates  from  the  indi- 
vidual fissure,  differs  from  the  more  general  metamorphism  less  in 
kind  than  in  the  relative  proportions  of  calcite  and  chlorite  on  the 
one  side  and  of  quartz  and  sericite  on  the  other.  This  usually  incon- 
spicuous and  very  local  alteration  of  the  wall  rock  to  quartz  and  seri- 
cite is  rather  common  within  the  quadrangle,  especially  near  Idles  in 
the  andesitic  rocks  of  the  Silverton  or  San  .Juan  series.  It  occurs 
in  somewhat  pronounced  degree  in  the  Ridgway  mine,  which  pro- 


*  Metasomatic  processes  in  fissure  veins:  Tran».  Am.  Inst.  Min.  Eng.,  Vol.  XXX,  1900,  p.  645^ 
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duces  an  argentite  oi'e.  It  is  the  usual  alteration  seen  in  the  mines 
of  Savage  Basin,  Sultan  Mountain  (in  monzonite),  and  in  many  other 
lodes  where  metamorphism  of  the  country  rock  other  than  that  of  prop- 
ylitic  nature  is  not  a  conspicuous  phenomenon,  and  where  no  special 
microscopical  study  of  wall  rock  was  made. 

The  alteration  of  the  country  rock  in  Silver  Lake  Basin  may  be 
accounted  for  on  the  assumption  that  the  solutions  which  filled  the  fis- 
sures contained  alkaline  carbonates.  But  that  the  alkaline  carbon- 
ates were  present  in  small  amount  seems  to  be  indicated  by  the  uni- 
fonn  presence  of  chlorite  (except  in  the  actual  walls  of  the  vein,  where 
it  as  well  as  calcite  may  be  absent);  for,  as  Lindgren^  has  pointed 
out,  it  is  probable  that  chlorite  can  not  exist  under  the  action  of 
strong  solutions  of  alkaline  carbonates.  The  immediate  wall  rock  of 
the  fissures,  being  more  exposed  to  the  action  of  solutions,  has  in 
most  cases  suffered  the  removal  or  further  alteration  of  the  chlorite 
and  carbonates  which  were  probably  first  formed.  Connected  with 
this  later  stage  is  the  accumulation  of  the  insoluble  sericite,  derived 
from  labradorite,  biotite,  and  probably  other  minerals,  and  very  likely 
the  direct  addition  of  quartz  in  place  of  the  removed  calcite.  Although 
no  chemical  analyses  have  been  made  of  these  wall  rocks,  it  is  pro))- 
able  that  the  abundance  of  sericite  (derived  in  great  part  from  lim<»- 
soda  feldspars),  which  is  common  in  the  rock  in  contact  with  the  vein 
filling,  indicates  a  (lii*ect  addition  of  potash  to  the  substance  of  the 
rock,  as  was  found  by  Lindgren'^  to  Ik?  the  case  in  the  Grass  Valley 
and  Nevada  City  veins.  Kaolinite  was  not  certainly  identified  in  the 
altered  wall  rocks  of  Silver  Lake  Basin,  but  in  the  Dives  mine  (on  the 
North  Star  lode)  it  apparently  o(»curs  with  sericite  and  quartz,  as  seen 
in  an  altere<l  andesitic  horse  in  the  lode.  Metamorphism  in  connec- 
tion with  the  Dives  ore  body  is  similar  to  that  just  described  in  detail 
for  the  Silver  Lake  mines;  but  in  its  greater  intensity,  in  the  presence 
of  kaolinite,  and  in  the  more  evident  silicification  of  portions  of  the 
wall  rock  it  is  intermediate  in  character  betwe<»n  that  metamorphism 
and  the  kind  next  to  \ye  described. 

Of  a  somewhat  different  kind  from  that  which  has  just  been  dis- 
cussed is  the  metiimorphism  observed  in  connection  with  the  ore 
deposits  of  Engineer  Mountain  and  of  the  Red  Mountain  district.  As 
the  ore  of  Engineer  Mountain  occurs  in  lodes,  while  that  of  the  Red 
Mountain  district  is  prevailingly  in  stocks,  and  as  the  metamorphism 
presents  some  phases  of  difference  in  the  two  modes  of  occurrence, 
they  will  be  separately  treated. 

The  Polar  Star  lode,  which  has  produced  some  rich  silver  ore  carry- 
ing argentite  and  proustite,  may  be  considered  as  a  type  of  the  Engi- 
neer Mountain  deposits.     Unfortunately,  its  workings  are  no  longer 

'  Trans.  Am.  Inst.  Mln.  Eng.,  Vol  XXX,  1900,  p.  610. 

^The  gold-quartz  veins  of  Nevada  City,  etc:  Seventeenth  Ann.  Bept.  U.  8.  Oeol.  Survey, 
Pt.  II,  1896,  p.  14«. 
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aooesBible,  but  the  metamorphic  processeR  connected  with  ore  deposl- 
tioD  may  be  studied  to  considerable  advantage  from  surface  ezpoBurea 
aad  the  material  of  the  dumps.  The  country  rook  of  the  Polar  Star 
is  a  dark-gray  rock  of  andesitic  appearance,  carrying  abundant  glis- 
tening phenocrysts  of  plagioelase  up  to  7  or  8  millimeters  in  length. 
In  thin  section,  under  the  microscope,  the  plagioelase  is  seen  to  be  chiefly 
labradorite  (ab,  an,)  which  is  almost  perfectly  fresh.  Phenoorysts 
of  a  pale  augite  or  diopside  are  almost  wholly  altered  to  calcite  and 
chlorite,  and  some  bastite  pseudomorphs  indicate  the  former  presence 
of  phenocrysts  of  an  orthorhombic  pyroxene.  Quartz,  and  probably 
some  orthoclase,  are  present  in  the  groundmass.  The  chemical  anal- 
ysis of  this  rock  is  given  in  Ck)lumn  I,  page  122.  This  analysis 
differs  from  that  of  a  normal  andesite  in  its  rather  high  alkaUes  and 
relatively  high  potash.  It  might  be  classed  as  a  latite.  Owing  to  its . 
somewhat  weathered  condition  and  lack  of  knowledge  as  to  the  aeoo- 
rate  chemical  constituents  of  the  resulting  chloritic  and  serpentinoos 
products,  an  attempt  to  calculate  the  mineralogioal  composition  from 
a  chemical  and  microscopical  analysis  is  not  entirely  satisfactory. 

Calculating  the  carbon  dioxide  as  calcite,  the  soda  as  labradorite 
(abi  ani),  the  phosidioric  anhydride  as  apatite,  the  residual  lime  as 
diopside,  all  the  jKytash  as  orthoclase,  and  dividing  up  the  other  oon- 
stitnents  between  chlorite,  serpentine,  magnetite,  etc.,  the  following 
approximate  mineralogical  composition  was  obtained. 

Mineralogicdl  cumposition  of  andesitic  rock  {laiitef)  from  Engineer  Motmtain, 
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There  still  remains  about  1  per  cent  of  aliimina  not  accounted  for 
in  the  above  calculation.  Combined  with  part  of  the  ferrous  iron 
here  calculated  as  magnetit^^  and  chlorite,  and  with  some  of  the  silica, 
reckoned  as  quailz,  it  may  enter  into  the  eomiK)sition  of  the  pjrrox- 
ene,  which  probably  does  not  correspond  exactly  to  the  theoretical 
diopside  molecule.  The  pereent^i^e  of  kaolinite  is  rather  higher  than 
the  microscopical  investigation  would  indicate.  The  specific  gravit}* 
as  calculated  from  the  foregoing  mineralogi<*Hl  composition,  ignoring 
I)orosity,  is  al)Out  2.8.  The  foregoing  specimen  was  taken  a  few  hun- 
dred feet  west  of  the  mine,  and,  although  fresher  rock  occurs  in  the 
vicinity f  this  was  selected  for  chemical  analysis  as  being  undoubtedly 
the  particular  facies  in  wAue\\  the  Volar  Star  lode  was  formed. 
^    The  dumps  of  the  Polar  ^tav  imw^  aA*v-  wwvV  wvXwv^^Vvj  of  a  locally 
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altered  form  of  the  foregoing  latite.  The  original  porphyritic  struc- 
ture is  perfectly  preserved,  but  the  i^ock  is  bleached  to  a  very  light- 
gray  tint,  and  the  feldspars  are  completely  kaolinized.  Small  crystals 
of  pyrite  are  abundant,  occurring  both  in  the  altered  phenocrysts  and 
in  the  groundmass.  This  is  evidently  the  countrj'  rock  which  imme- 
diately incloses  the  ore,  although  it  is  not  known  how  far  this  pro- 
nounced alteration  extended  on  either  side  of  the  ore-bearing  fissure 
zone.  Under  the  microscope  the  rock  appears  as  a  fine-granular 
aggregate,  consisting  chiefly  of  quartz,  kaolin,  and  diaspore,  with 
considerable  disseminated  pyrite.  The  porphyritic  structure  is  par- 
tially lost  between  crossed  nicols,  although  the  abundance  of  diaspore 
in  some  of  the  altered  phenocrysts  differentiates  them  from  the 
groundmass.  The  diaspore  occurs  in  irregular  grains  up  to  about  0.5 
millimeter  in  diameter.  The  relatively  high  refractive  index,  strong 
double  refraction  with  consequent  brilliant  polarization  colors,  and 
the  conspicuous  cleavage  render  the  mineral  very  noticeable  in  thin 
section.     It  is  biaxial,  with  dispersion  red  less  than  blue. 

In  order  to  confirm  the  microscopical  determination,  a  portion  of 
the  rock  was  powdered  and  treated  with  hydrofluoric  acid  by  Dr. 
Hillebrand.  The  resulting  residue  proved,  on  microscopical  exami- 
nation, to  consist  of  grains  of  the  supposed  diaspore,  with  a  few 
particles  of  pyrite  and  a  little  amorphous  material.  A  rough  quanti- 
tative analysis  showed  that  the  residue  consiste^l  of  about  84.4  per 
cent  of  alumina  and  15.2  per  cent  of  water,  thus  placing  the  identifi- 
cation of  the  mineral  as  diaspore  beyond  question. 

A  chemical  analysis  of  this  altei-ed  rock  is  given  in  Column  II  on 
page  122.  The  two  analyses  of  fresh  and  altered  rock,  as  they  stand 
side  by  side,  represent  a  comparison  of  unit  weights,  and  therefore 
are  not,  in  all  probability,  directly  comparable  for  the  purpose  of  ascer- 
taining the  actual  change  that  has  taken  place  in  a  unit  volume  of  the 
original  rock.  It  may,  however,  be  tentatively  assumed  that  the 
alumina  has  remained  constant.  An  analysis  of  the  altered  rock 
recalculated  on  this  basis  gives  the  result  shown  in  Column  Ila.  A 
comparison  between  Column  Ila  and  Column  I  shows  that,  under  the 
assumption  made,  the  altered  rock  has  suffered  a  total  loss  of  substance 
of  over  14  per  cent.  A  little  silica,  3.15  per  cent  of  water,  and  some 
sulphur  have  ]>een  introduced,  while  magnesia  and  carbon  dioxide 
have  been  wholly,  and  lime-soda  potash  almost  entirely,  removed. 
Of  the  original  iron  present  in  the  rock,  a  little  more  than  one-half 
remains  combined  with  sulphur  to  form  pjTite.  It  will  be  noted  that 
iu  the  recalculated  analysis  the  phosphoric  and  titanic  acids  are  very 
nearly  the  same  as  in  the  fresh  rock,  which  lends  some  support  to  the 
assumption  previously  made  that  the  alumina  has  remained  practi- 
cally constant  in  the  process  of  metamorphism.  It  seems  at  first  sight 
probable  that  the  loss  of  substance  in  the  altered  rock  may  be  accom. 
])anied  by  an  increase  of  porosity  without  actual  shrinkage  of  the  rock 
as  a  whole.     If  this  he  so,  the  specific  gravities  of  IVv^  ax^tv^^xax^^  ^x^^ 
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I.  futile.    Coantry  rock  of  the  Polar  Star  miae.  Engineer  Moantain.    Analyvis  by  H.  N. 

If.  Metaaoinatically  altererl  latite.    Wall  rock  of  Polar  Star  mine.  Engineer  Moontain.    Analy- 
n\n  by  H.  N.  Ktoken. 
Ila.  Recalcnlation  of  II  on  baniB  of  conMtant  alamina. 
lib.  Kecaknilation  of  II  on  baids  of  constant  volume. 

It  will  l>e  n?membered  that  the  preceding  diseiisision  rests  upon  the 
initial  assumption  that  the  alumina  has  remained  constant  during  the 
metamorphism.  This  assumption  may  not  l>e  correct,  and  it  will 
further  the  inquiry,  as  wellasillustrate  the  complexity  of  the  problem, 
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to  trace  the  results  growing  out  of  another  probable  premise.  If  it  be 
assumed  that  during  the  metamorphic  processes  the  volume  of  any 
given  mass  of  the  rock  has  remained  constant,  then  the  analysis  of 
the. altered  rock  may  be  recalculated  on  this  basis,  using  for  this  pur- 
pose the  determined  specific  gravities,  and  be  then  compared  with 
that  of  the  unaltered  rock.  The  result  of  this  comparison  is  shown  in 
Column  lib 

It  appears  from  this  totarl  that  under  the  assumption  of  constant 
volume  the  rock  has  lost  only  about  2  per  cent  of  its  substance  through 
metasomatism.  Moreover,  there  has  been  an  addition  of  8.5  per  cent 
of  silica  and  2.3  per  cent  of  alumina.  In  other  respects  the  alteration 
is  not  significantly  different  from  that  deduced  upon  the  hypothesis 
of  constant  alumina. 

It  is,  of  course,  possible  tliat  neither  the  hyi>othesis  of  constant 
alumina  nor  that  of  constant  volume  is  strictly  true;  but  it  is  believed 
that  the  latter  is  a  closer  approximation  to  the  truth  than  the  former. 
The  altc»red  rock  is  not  notably  porous,  nor  does  it,  in  the  field,  show 
evidence  of  contraction  in  bulk.  Moreover,  the  veiy  obvious  intro- 
duction of  ([uartz  into  somefaciesof  it  and  the  occurrence  of  diaspore 
point  to  that  assumption  involving  the  introduction  of  silica  and 
alumina  as  being  nearest  the  truth. 

In  order  to  further  test  this  point  a  special  examination  was  made 
of  the  spring  water  issuing  above  the  Guston  mine  (see  p.  114)  to  deter- 
niiiu'  whether  it  carried  alumina  in  solution.  It  was  found  to  be 
present  to  the  extent  of  about  214  parts  per  million,  thus  proving  that 
th(^  alumina  in  the  rocks  can  not  be  regarded  as  a  constant  constituent 
during  metasomatic  alteration  in  this  region. 

The  mineralogical  composition  of  the  altered  rock  may  be  roughly 
calculated  from  Analysis  II  as  follows,  the  soda  being  considered  as 
accompanying  the  potash  in  sericite: 

Mi)i('nilo(jical  comix>Hition  of  metaaoniatically  altered  wall  rock  of  Polar   Star 
mine.  Engineer  Mountain. 
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The  specific  gravity  of  the  rock,  as  derived  from  the  foregoing  min- 
eral composition  and  excluding  pore  spaces,  is  about  2.9,  as  compared 
with  2.8  similarly  obtained  for  the  unaltered  rock.  This  rough  cal- 
culation is  thus  in  agreement  with  the  general  rule  that  near  fissure 
veins  the  replacing  minerals  are  as  a  whole  denser  than  those  replaced.^ 


•  Lindgren:  Trans.  Am.  Inst.  Mln.  Eng.,  Vol.  XXX,  19U0^y.  »K. 
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Although  the  altered  f  aeiee  just  described  appears  to  indicate  only 
slight  silidfioation  or  actual  addition  of  silica  to  the  rook,  thisprooess 
has  taken  place  to  a  greater  extent  in  the  immediate  walla  of  tihe  fia- 
sures  and  in  fragments  of  oonntry  rode  included  within  the  yetn 
qnartsE.  Snch  fades  show  little  or  no  diaspore,  but  more  aeiioite. 
The  secondary  quartz  in  such  rocks  is  often  more  coarsely  granular, 
and  in  thin  section  can  be  distinguished  from  the  qnarti  whieh  fills 
veinlets  only  through  its  association  with  nests  of  serieite,  kaolinite* 
and  a  little  diaspore.  All  original  structure  of  the  latite  disawean 
between  crossed  nicols. 

Summing  up  briefly,  the  characteristic  features  of  the  Polar  fttar 
metamorphism  are  (1)  its  restriction  to  the  immediate  vicinity  of  the 
lodCy  (2)  the  removal  of  at  least  2  per  cent  of  the  substance  of  the 
rock,  including  all  of  the  magnesia  and  carbon  dioxide,  nearly  all  of 
the  alkalies  and  lime,  and  much  of  the  iron,  (3)  the  addition  of  ailioa, 
water,  alumina,  and  sulphur,  and  (4)  the  formation  of  a  seoondaiy 
aggregate  chiefly  of  quarts,  kaolinite,  pyrite,  diaapore,  and  aerioite. 

The  depth  to  which  the  alteration  of  the  character  extenda  la  not 
known.  The  specimens  studied  evidently  came  from  the  deepest 
workings,  probably  over  dOO  feet  from  the  surface. 

It  is  not  probable  that  the  metamorphism  described  can  have  been 
effected  by  solutdons  in  which  alkaline  carbonates  were  the  prinetpal 
Constituents.  It  is  more  likely  that  the  effective  agent  was  acid 
water.  If,  however,  the  water  contained  sulphuric  or  hydrochloric 
acids  it  is,  at  first  thought,  rather-  difficult  to  understand  the  forma- 
tion of  kaolinite  and  diaspore.  But  as  these  minerals  themselves  are 
not  soluble  in  acids,  they  may  be  capable  of  forming,  under  certain 
conditions,  even  in  the  presence  of  such  a  solvent  for  alumina  as  free 
sulphuric  acid.  Acid  wateins  containing  sulphuric  acid  circulate 
through  the  rocks  of  the  Red  Mountain  region  at  the  present  day  and 
have  not  prevented  the  formation  of  kaolinite  nor  effected  its 
i-enioval.  In  fact,  they  have  probably  in  some  cases  aided  directly  in 
its  formation  by  serving  as  solvents  from  whiclj  the  alumina  has  been 
precipitated  as  kaolinite  or  diaspore  under  favorable  conditions.  The 
formation  of  diaspore  instead  of  kaolinite  in  the  presence  of  abun- 
dant silica  indicates  a  verj^  moderate  hydration. 

The  raetasomatic  alteration  of  the  rocks  of  the  Red  Mountain  Range 
has  frequently  been  referred  to  in  this  report.  It  is  not  limited  to 
the  immediate*  vicinity  of  known  ore  bodies,  but  is  so  widespread  and 
noticeable  a  feature  as  to  become  an .  important  problem  in  the  gen- 
eral geology  of  the  region  and  a  serious  embarrassment  to  the  geol- 
ogist intent  upon  unraveling  the  structure  and  relationships  of  the 
various  igneous  rocks  involved. 

As  a  rule,  the  metamorphosed  rocks,  whei*e  not  superficially  stained 
by  iron  oxide,  are  nearly  white.  Frequently  traces  of  original  struc- 
turo,  such  asoutliuesof  feldspar  phenocrysts  or  of  breccia  fragments. 
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can  be  recognized,  but  not  uncommonly  these,  too,  have  vanished,  and 
the  rock  has  become  a  white  granular  aggregate  resembling  a  fine- 
grained quartzite.  Of  such. origin  and  character  is  most  of  the 
so-called  "quartz"  of  the  Red  Mountain  mines,  which  forms  the  sili- 
ceous knobs  in  which  many  of  the  ore  bodies  outcrop. 

The  mound  at  the  White  Cloud  mine  may  be  taken  as  a  typical 
example  of  such  a  knob  or  knoll.  It  is  elliptical  in  plan  and  about 
50  feet  long,  trending  N.  10°  E.  It  rises  about  30  or  40  feet  above  the 
general  slope  of  the  hill,  and  is  composed  of  bleached  siliceous  rock 
which  occasionally  shows  traces  of  breccia  structure  and  which  is 
evidently  an  altei'ed  form  of  the  Silverton  andesitic  breccia.  It  con- 
tains considerable  very  finely  disseminated  pyrite. 

A  thin  section  of  this  rock  shows  a  finely  crystalline,  rather  turbid 
aggregate  of  quartz,  kaolin,  pyrite,  rutile,  and  some  minute  inde- 
terminable minerals.  Some  outlines  of  former  phenocrysts  are  rec- 
ognizable in  onlinary  light,  but  these  disappear  between  crossed 
nieols.  The  (juartz  grains  are  very  irregular  in  outline  and  intricately 
interlocked.  They  are  full  of  minute  inclusions  of  kaolinite,  rutile, 
pyrite,  and  other  minerals  too  small  for  determination.  The  kaolin 
occurs  in  bunches  showing  the  characteristic  foliated  aggregation  of 
the  individual  scales,  and  the  usual  low  double  refraction. 

A  chemical  analysis  of  this  rock,  from  a  specimen  taken  in  a  short 
tunnel  in  the  knoll,  is  here  given: 

Analysis  of  altered  andesitic  breccia  from  White  Cloud  mine, 
[Q«orge  Steiffer,  analyst] 


Constituent. 


Per  cent 


SiOa-. 
AI2O3 
Fe.>03 
FeO  . 
Mg(). 
CaC. 
NaaO 
K,.(>.. 
H,.()- 
H.,()4 


86.49 

5.40 

.33 

.25 

None. 

.27 

None. 

None. 

.46 

3.07 


Constituent. 


TiOg. 
COs- 
PiOfi. 
SOs.. 
MnO 
BaO. 
FeS,. 


Percent. 

None. 
.(IT 
.4($ 

None. 

jy: 

8.43 


99.  »2 


No  analysis  of  unaltered  rock  is  here  available  for  comparison,  and 
it  is  not  possible  to  determine  accurately  the  additions  and  subtrac- 
tions to  tiie  original  rock  which  have  resulted  in  the  metamorphosed 
facies.  It  is  evident,  however,  that  either  the  alumina  has  been 
veiy  greatly  I'educed  or  the  silica  has  been  enormously  increased.  In 
all  probability  there  has  been  some  removal  of  alumina  and  a  large 
addition  of  silica.  Ferric  and  ferrous  iron  have  been  partly  removed 
and  the  residue  has  been  changed  to  pyrite.  Lime  has  been  almost 
all  carried  away  and  soda  and  potash  have  been  wholly  removed.    Car- 
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bon  dioxide  is  absent.    The  little  snlphoric  anhydride  present  is  prob- 
ably combined  with  baiyta  as  barite. 
The  mineralogical  composition  of  the  altered  rock  may  be  ronghly 

calculated  as  follows: 

« 

Mineralngieca  eompoaitian  of  aiiered  andetUie  brtceia  from  White  CUmd  mine. 


KMUn.. 
Pyrite.. 
Bntito.. 


f8.§ 


«.• 


About  1  per  cent  of  water  is  not  accounted  f  or,  as  there  are  no  alka- 
lies or  alumina  to  combine  with  it.  It  may  exist  as  chalcedony  or 
opali  or  as  some  hydrated  compound  of  iron.  No  attempt  has  been 
made  to  calculate  the  small  amounts  of  ferric  and  ferrous  iron,  lime, 
phosphoric  acid,  sulphuric  add,  and  baryta,  which  probably  corre- 
spond to  a  little  barite,  apatite,  and  other  minerals  present  in  minute 
quantities  in  the  rock.  The  total  absence  of  sericite  is  rather  romark- 
able.  The  character  of  the  alteration  points  to  acid  waters  as  the 
cause  of  metnmorphism. 

Of  the  same  general  character  as  the  f oi*egoing  is  the  metamorphism 
which  has  trauHfonned  andesitie  tuffs  or  breccias  of  the  Silverton  series 
into  the  highly  siliceous  rock  forming  the  greater  part  of  the  pictur- 
esque knob  in  which  the  National  Belle  mine  lies,  at  the  village  of 
Red  Mountain.  The  i-esulting  rock  is  nearly  white  and  decidedly 
porous.  Examined  with  a  lens,  it  appears  to  consist  wholly  of  quartz 
with  a  little  pyrite,  and  is  full  of  minute  (*avities  sparkling  with 
quaHz  crystals.  Locally  this  iwrous  structure  may  lx»  so  pronounced 
as  to  give  the  rock  a  pumiceous  appearance. 

Under  the  microscope,  in  ordinary  light,  the  remnants  of  porphyritic 
structure  are  easily  recognizable.  Relatively  clear  areas  having  the 
shape  of  feldspar  phenocrysts  and  dark  areas  containing  much  finely 
ilivided  pyrite  and  other  opaque  particles,  clearly  pseudomorphs  after 
some  phenocrysts — probably  ferromagnesian  constituents — lie  in  a 
groundmass  somewhat  turbid  with  minute  dark  parti(*les.  With  the 
nicols  crossed,  however,  this  structure  practically  vanishes,  and  the 
whole  appears  as  a  finely  crystalline  granular  aggregate  of  quartz. 
The  space  formerly  occupied  by  the  i)hen()erysts  of  feldspar  is  now 
filled  with  quartz,  somewhat  more  coarsely  (»rystalline  than  in  the 
groundmass.  Freiiuently  the  quartz  does  not  (luite  fill  the  spa<^,  but 
has  left  a  micmseopic  vug  in  the  center.  The  quartz  making  up  the 
rock  is  not  pure,  being  crowded  with  indeterminable  inclusions.     But 
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the  rock  in  all  probability  contains  over  90  per  cent  of  silica,  and  the 
evidence  of  thorough  silicification,  with  removal  of  nearly  all  of  the 
bases  save  a  little  iron  to  form  pyrite,  is  unquestionable.  It  shows 
that  under  certain  conditions  even  the  alumina  may  be  removed,  and 
that  the  assumption  as  to  the  constancy  of  this  constituent  in  unal- 
tered and  altered  rock  must  l>e  used  with  caution. 

An  intrusive  porphyry,  belonging  with  the  monzonite-latite  group 
of  rocks,  is  fairly  abundant  in  the  Red  Mountain  region,  where  it 
forms  relatively  small  masses  of  circular  or  elliptical  plan.  It  has 
been  intruded  in  the  form  of  plugs  or  bosses  into  the  volcanic  rocks, 
and,  like  the  latter,  has  undergone  metasomatie  alteration.  Where 
not  g.Muitly  altered — as,  for  example,  at  an  exposure  by  the  roadside  a 
few  hundred  yards  south  of  the  Yankee  Girl  mine — the  rock  is  con- 
spicuously porphyritic,  showing  phenocrysts  of  pink  orthoclase  up  to 
three-quarters  of  an  inch  in  length,  smaller  crystals  of  white  plagio- 
clase,  and  anhedrons  (crystalline  grains)  of  quartz,  all  lying  in  a 
compact,  greenish-gray  groundmass. 

Under  the  microscope  the  rock  shows  considerable  decomposition. 
Tlie  orthoclase  is  fairly  fresh,  but  the  plagioclase  (apparently  in  part 
acid  oligoclase)  is  partly  sericitized.  Areas  of  calcite  and  chlorite 
with  H  little  pyrite  are  apparently  pseudomorphous  after  augite  or 
diopside.  The  groundmass  is  a  rather  cloudy,  fine-granular  aggre- 
gate which  seems  to  consist  chiefly  of  quartz  and  orthoclase,  but  con- 
tains considerable  calcite  and  chlorite,  with  some  apatite,  a  good  deal 
of  finely  disseminated  pyrite,  and  some  titanic  iron  altering  to  leu- 
coxene.  A  chemical  analysis  of  this  rock  is  given  in  Column  I  in  the 
follo\.ing  table: 

Analynes  of  monzonitic  porphyry. 
[H.  N.  Stokes,  analyst.] 


Constituent. 


Constitaent. 


SiOa-. 
AI2O3. 
Fe-O,. 
FeO  . . 
MkO- 
CaO  .. 
Na,.0  . 
K,0 
HjO  - 

TiO,-. 
CO,.  .. 


Per  cent. 

58.78 

13. 6S 

1.70 

2.27 

:i.2» 

4.31 

a.  24 

4.  OB 

.25 

1.67 

.99 

3.49 


Per  cent. 

73.61  ' 

13.97 

None,  i 

None. 

None. 

.31 

.04 

.015 

.58 

4.18 

.60 

None. 


PsOft- 
SO,... 
Cr-Os- 
NiO  .. 
MnO.. 
BaO  .. 
SrO ... 
LijO.. 
PeSs.. 


I. 

II. 

Per  (-ent. 

Per  rent. 

.SSi 

.83 

Notdet. 

None. 

None. 

None. 

None. 

Trace. 

Trace. 

.12' 

.04 

.05 

Trace. 

Trace. 

Strong  tr. 

,         1.56 

5.62 

99.78 


99.34 


I.  Monzonitic  porphyry,  from  near  Yankee  Girl  mine. 
H.  MetiiMomatically  altered  fades  of  foregoing,  from  near  National  Belle  mine. 
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From  this  analysis  and  the  microscopical  study  the  mineralogic»l 
composition  may  be  calculated  as  follows: 

Mineralogieai  campoMtian  of  monxonite-parphfprjf. 


OOBStftllOIlt. 


Percent. 


Conatitneiit. 


Altaite  (moleciile) 

Qoarte 

Orthoobwe  (moleciila) 

Cblorlte 

OiOolte 

Seridte 


S7.i 
81.8 

n.8 
n 

7.8 

4 


TttMiSo  iron  ore 

Ma«ii«tite  and  nitfle 

Pyrlte 

ApAtlte 


4.S 
1.5 


•at 


All  the  lime  shown  in  the  analysis  is  required  to  form  calcite  with 
the  carbon  dioxide,  so  that  the  plagioclase,  whatever  its  original  oom- 
IKMition,  must  at  present  contain  very  little  lime  and  is  calonlated  as 
albite.  The  appearance  of  the  thin  section  indicates  that  the  chem- 
ical determination  of  the  pyrite  may  be  a  little  low  and  that  a  portion 
of  the  iron,  here  calculated  as  titanic  iron  ore,  should  really  be  estimated 
as  pyrite. 

On  the  north  side  of  the  National  Belle  knob  a  mass  of  this  same 
porphyry  has  been  altered  by  metasomatic  processes  to  a  very  light- 
gray  rock  in  which  the  feldspars  are  transformed  tp  dull  kaolin-like 
aggregates  while  the  quartz  phenoorysts  are  apparently  unchanged. 
A  few  minute  veinlets,  filled  with  kaolin,  occur  in  the  hand  specimen. 
The  gfoundmass  is  gray  in  color,  compact  iu  texture,  and  abundantly 
Hprinkled  with  minute  crystals  of  pyrite.  This  alteration  is  evidently 
directly  connected  with  the  deposition  of  the  National  Belle  ore  bodies, 
and  is  merely  one  phase  of  the  inetamorphism  which  has  given  rise 
to  the  siliceous  mass  in  which  the  ore  occure. 

Under  the  microscope  rounded  and  embayed  phenocrysts  of  quartz 
containing  minute  fiuid  inclusions,  and  pseudomorphous  aggregates 
after  feldspar,  are  seen  to  lie  in  a  finely  crystalline,  granular  ground- 
mass.  The  feldspar  phenocrysts  have  been  changed  to  pseudomorphs 
of  kaolin,  dia8i>ore,  and  quartz.  The  diaspore  is  intimately  associated 
with  the  kaolin,  in  which  it  often  occui's  embedded  in  ragged,  shred- 
like areas.  Near  it  there  is  sometimes  a  small  amount  of  a  colorless 
isotropic*  mineral  with  a  fairly  high  ix>fractive  index,  which  has  thus 
far  defied  identification.  The  groundmass  is  a  finely  crystalline  mosaic 
of  quartz  and  kaolin  with  small  scattei-ed  ciystaLs  of  pyrite  and  occa- 
sional crystals  of  rutile  and  apatite.  Sericito  was  not  noted,  but  is 
perhaps  not  entirely  absent. 

A  chemical  analysis  of  this  rock  is  given  under  II,  on  page  127,  and 
although  the  two  rocks  are  not  from  the  same  mass,  there  can  be  little 
doubt  that  they  were  both  originally  of  the  same  character. 

It  may  be  that  the  nearly  identical  contents  iu  alumina  shown  by 
the  two  analyses  is  merely  a  coincidence,  but  it  is  pi*obable  that  it 
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denotes  practical  constancy  of  the  alumina  during  the  change  which 
has  taken  place  in  the  rock. 

The  notable  features  of  the  alteration  are  the  introduction  of  silica, 
water,  and  sulphur,  the  totiil  removal  of  iron  (except  that  combined 
with  sulphur  to  form  pyrite),  magnesia,  and  carbon  dioxide,  and  the 
almost  entire  abstraction  of  lime  and  alkalies.  The  formation  of 
diaspore  brings  this  alteration  close  to  that  described  at  the  Polar  Star 
mine,  the  original  rocks  in  both  cases  being  of  similar  chemical  com- 
position, while  the  addition  of  silica  and  the  formation  of  kaolin, 
usually  without  sericite,  is  characteristic  of  the  Red  Mountain  mines. 

Ignoring  the  small  amount  of  the  unknown  isotropic  mineral,  the 
mineralogieal  composition  of  the  altered  rock  may  be  roughly  calcu- 
lated from  the  chemical  and  microscopical  data  as  follows: 

Mineralogieal  cotnptysition  of  altered  monzonitic  porphyry  from  National  Belle 

mine. 


Constituent 


Percent. 


Quartz  . . . 

Kaolinito. 
Pyritf    . . . 
DiaHjM)r«> 
Sericite  .. 


Constituent. 


60.9      Apatite. 
36.3  I  Rutile  .. 

a3.8    : 


Per  cent. 


m  i 


(I  Tho  dia8]>ore  of  this  rook  was  also  isolated  with  hydrofluoric  acid.  It  appeared  to  be  fully  as 
abundant  in  the  residue  as  in  the  similar  residue  from  the  Polar  Star  rock,  described  on  pai^e 
121,  and  the  a>)()ve  calculation  may  below. 

This  is  a  very  different  alteration  from  that  normally  brought  about 
by  waters  can  yiiig  alkaline  carbonates,  which,  as  Lindjrren  ^  has  shown, 
t(»iid  to  form  seric'ile  and  carbonates  in  the  wall  rock.  It  is  lx3lieve<l 
to  he  (liio  to  the  action  of  acid  waters. 

It  is  unfortunate  that  the  study  of  the  metamorphism  connected 
with  the  Red  Mountain  ore  bodies  is  at  the  present  time  practie^iily 
(•onlined  to  the  surface.  However,  as  far  as  can  be  judged  from  the 
mine  dumps,  metamorphism  of  the  character  described  accompanied 
th(^  oie  bodies  to  the  greatest  depth  exploited. 

On  Anvil  Mountain,  which  forms  the  southern  end  of  what  has  l)een 
called  for  convenience  the  Red  Mountain  Range,  the  bleached  rocks, 
when  critically  examined,  are  found  to  present  some  variations  in 
<'oiH|)()sition.  Thus  the  country  rock  of  the  Brobdignag  claim,  prob- 
ably originally  andesitic,  is  converted  into  a  fine-granular  aggregate 
of  quartz  and  barite,  with  a  little  sericite.  It  is  impregnate<l  with 
IWrite  and  is  traversed  by  some  veinlets  of  sericite  or  kaolin.  At  the 
Zuni  mine  the  country  rock,  which  wa«  evidently  an  andesiteor  latite, 
has  luM'ii  rccrystallized  near  the  ore  body  to  a  mass  of  quartz,  sericite, 
kaolin,  and  barite,  with  a  little  epidote  in  small  grains.     Some  rutile 

'The  K«>lil-<iuartz  vems  of  Nevada  City  and  Grass  Valley  districts,  California:  Sevout4?entn 
Ann.  Kept.  U.  S.  Geol.  Survey.  Pt.  II.  Ifc96,  p.  172. 

Bull.  182—01 0 
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i^nd  amne  undetormined  minerals  inminategrairiK  are  ais^i  pf^t^^rit. 
At  tbe  Mystery  claim,  oa  the  summit  of  Anvil  Mountuiin  Hie  niek 
(rhrnlltr?)  has  been  changed  to  a  nearly  white,  rntlier  porous  miiaii 
Hhowui^  iLO  traoes  of  original  igneous  stmctitre.  ITndor  the  niirro- 
H<*.uiH*  i\  fdiows  faint  outlines  of  former  pheiicx^iy^tSf  which  Ijeeame 
TK^arly  invisible  between  cros&ied  nieols.  '  The  rook  con^ititB  ehiefij^^  of 
quartz  and  alunite  in  a  ftne-fpranular  aggi^at^^^  with  n  little  kipilin 
aiiil  riitilo.  At  John  Boland^s  tuni^l,  about  Ji  mileis  soLithe^t^t  of  the 
Myntery  claim,  an  opportunity  was  presented  for  8tii(l}4ng  tiomp  of 
the  HtppR  of  alteration.  About  150  feet firom  its  mnuth  t  fit*  tunnel  cnits 
through  a  Teryirr^ular  vein-like  mass  of  kaolin  and  (Huuinue^lieyond 
it  for  201 )  tieet  or  more.  Near  the  Inreast  the  roek,  altbouj^h  altc^i^Hl,  tmn 
1k^  nxsoi^iiized  as  an  aadesite,  or  closely  relat<^0  roek.  It  i»  grt^iii^h 
gray  in  cjolor  and  shows  outlines  of  small  feldspHt-  ptieiioerygijii. 
Under  tlio  microscope,  although  the  original  porpkyritle  atrueturo  m 
partly  proserved,  the  rock  is  seen  tobe  complet43ly  altere<L  The  ph^ 
TioeryHi^  of  plagioclase  are  changed  to  sericite  and  quartz,  while  the 
augite  and  perhaps  oth^r  dark  constituents  are  ivpmHented  by  pBeu-l 
dainr JH*'*^  ^*  chlorite  and  calcite.  At  about  15«>  feet  from  the  l1f*HinT  ' 
the  t'tiuiitfy  rock  is  already  bleached  to  a  light  i^n^etiis^h-grHy  tint  and 
the  iuigitial  texture  partly  obliterated.  Fnder  the  ]tiiemi<ieti|M>  it  InM 
rteeu  Ui  he  a  secondary  aggregate,  consisting  diiefly  of  st.*ne!tt%  t^uarta^ ' 
liud  i*akite,  retaining,  however,  outlines  of  the  fu-igiiial  porphyritie 
jstruetiire.  About  45  feet  from  the  fissure  the  roek  is  lunrly  wjtiti*^ 
and  shows  very  faint  traces  of  original  texture.  In  general  appear- 
ance it  is  identical  with  most  of  the  bleached  and  metamorphosed  rock 
of  the  Red  Mountain  Range.  Microscopically  examined,  the  outlines 
of  former  phenocrysts  are  distinctly  visible,  but  the  whole  rock  is 
recrystallized  to  a  very  fine  aggregate  of  quartz  and  sericite  with  some 
leucoxene  (rutile).  The  former  feldspar  phenocrysts  are  now  nearly 
pure  sericite.  Lastly,  a  si)ecimen  taken  from  the  wall  of  the  fissure 
is  a  nearly  white,  compact  rock  in  which  close  scrutiny  fails  to  detect 
any  vestige  of  primary  structure.  Under  the  microscope  the  rock 
appears  as  a  finely  crystalline  aggregate  consisting  of  quartz  and  seri- 
cite, with  a  little  ])rownish  isotropic  material  occurring  in  minute  vein- 
lets.  Recrystallization  in  this  case  has  not  only  been  complet^e,  but 
there  has  been  such  thorough  rearrangement  of  the  crystallizing  mate- 
rial as  to  obliterate  all  traces  of  primary  structure.  The  alteration 
has  plainl}^  been  accompanied  by  removal  of  iron,  lime,  magnesia,  and 
probably  other  constituents.  Whether  alumina  has  been  removed  is 
an  oj)en  question,  but  the  fact  that  the  fissure  from  whence  the  meta- 
morphosing  solutions  penetrated  the  inclosing  rock  is  itself  filled  with 
a  vein-like  deposit  of  kaolin  shows  that  at  some  depth  both  potash  and 
alumina  have  been  removed  from  the  countr}^  rock  and  concentrated 
as  kaolinite  within  the  fissure  walls. 

The  conspicuous  metamorphism  of  the  Red  Mountain  region  has 
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undoubtedly  involved  rocks  of  various  kinds,  reducing  them  all  to 
light-colored  secondary  aggregates  of  similar  appearance.  Andesites, 
latites,  monzonite-porphyry,  and  rhyolite  have  been  altered  to  prod- 
ucts which  often  give  little  indication  of  the  nature  of  the  original 
rock.  But  in  many  portions  of  the  quadrangle  the  rhyolitic  rocks 
show  certain  characteristic  phases  of  metamoi-phism  in  connection 
with  ore  deposition  which  seem  to  merit  some  special  notice.  This 
rock,  when  acted  upon  by  ore-l>earing  solutions,  is  particularly  sus- 
ceptible to  recrystallization  into  secondary  aggregates  of  quartz  and 
sericite,  quartz  and  kaolin,  or  quartz,  sericitc,  and  kaolin.  As  a 
general  rule  such  metasomatic  alteration  is  accompanied  ])y  more  or 
less  repla(*ement  of  the  rock  by  ore,  as  may  l)e  seen  in  the  Tom  Moore 
or  Silver  Ledge  mines. 

No  favorable  opportunity  was  presented  for  studying  in  detail  the 
metasomatic  processes  which  accompanied  the  deposition  of  ore  in  the 
nionzonitic  stocks,  such  as  Sultan  Mountain.  But  so  far  as  observed 
the  alteration  is  not  conspicuous. 

PARAGENESIS  OF  THE  LODE  AND  STOCK  ORES. 

By  iKirtuienesls  is  here  meant  the  association  of  the  various  ore  and 
gangue  minerals  with  si)ecial  reference  to  the  order  and  mode  of  their 
formation. 

Beyond  the  common  and  well-known  derivation  of  certain  second- 
ary minerals  in  the  zone  of  oxidation,  as,  for  example,  anglesite  or 
h^ad  sulphate  from  galena,  the  directly  observable  paragenesis  of  the 
ores  offers  few  points  which  can  be  embo<lied  in  any  general  statement 
of  regular  association.  As  a  general  rule  the  ore  minerals  which  are 
found  togetluM*  in  any  one  deposit  have  formed  contemporaneously, 
and  cases  an^  lare  in  which  a  definite  and  constant  succession  of  dif- 
f(M(*nt  ore  minerals  can  l>e  recognizeil.  In  the  Tom  Moore  lode 
chal<()pyiit<»  ap])ears  to  have  formed  later  than  tetrahedrite.  The 
same  relation  was  observed  in  the  Dives  lode,  where  masses  of  tetra- 
hedrite an»  surrounded  by  an  envelope  of  chalcopyrite  fnmi  which 
radiate  still  younger  (juartz  crystals.  But  in  many  other  lodes  these 
two  minerals  occur  in  such  irregular  relations  as  to  point  to  piractically 
eoiiteni])oraneous  crystallization.  In  the  Empire- Victoria  lode,  on 
Sultan  Mountain,  luibnerite  and  fluorite  have  lK»en  formed  since  the 
ore  was  (h»posit<Ml.  Native  coppcM-,  wherever  seen,  was  plainly  of 
later  origin  than  the  sulphide  ores  with  which  it  was  associated. 
Nat  ive  silver  was  s(»en  only  in  detached  specimens  of  ore,  but  It  occurs 
charaeterist  ically  in  the  upper  portions  of  the  deposits  and  is  undoubt- 
edly of  secondary  origin.  Quartz  of  at  least  two  generations  is  com- 
mon, as  shown  by  the  relatively  barren  stringers  of  this  mineral, 
which  can  Im»  found  traversing  the  ore  in  many  of  the  deposits. 

Fre(»  gold  occurs  usually  eml)edded  in  quartz  and  associated  with 
pyiit<»  or  chalcopyrite.     In  the  Sunnyside,  Sunnyside  Extension,  and 
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Camp  Bird  mineB  it  is  also  associated  with  pale-yellow  sphalerite  and 
flaorite.  Some  specimens  were  seen  from  the  Sannyslde  Extension 
mine  in  which  the  gold  occurred  as  implanted  crystals  on  qnarta  and 
was  therefore  of  later  age  than  the  latter. 

Unfortunately  there  are  at  present  few  opportunities  for  studying 
the  occurrence  of  proustite  and  argontite  in  the  Silverton  quadrangle. 
In  the  Bidgway  mine  much  of  the  argentite  occurs  implanted  on,  or 
wedged  between,  the  quartz  crystals  of  small  vugs,  and  was  the  last 
mineral  to  crjrstallize.  It  has  been  the  universal  experience  in  the 
Silverton  district  that  argentite,  proustite,  and  polybaaite  are  not 
found  below  a  very  moderate  depth.  The  data  at  hand  do  not  permit 
of  a  definite  statement  as  to  the  depth  at  which  these  rich  argentifer- 
ous minerals  change  to  low-grade  ore,  but  the  indications  are  that  it 
is  less  than  1,000  feet,  although  it  is  well  known  that  in  other  regions 
some  of  these  minerals  extend  to  greater  depths.  It  is  protwble, 
although  not  at  present  demonstrable,  that  in  the  Silverton  r^on 
proustite,  argentite,  and  polybasite  are  of  secondary  origin  and  indi- 
cate a  zone  of  enrichment  of  the  kind  to  which  Emmons '  and  Weed' 
have  recently  called  attention. 

The  downward  change  from  galena  through  richly  argentiferous  cop- 
per ores  to  chalcop3rrite  and  pyrite,  which  was  found  to  be  a  character- 
istic feature  of  many  of  the  Red  Mountain  mines,  is  h  case  of  paragenesis 
on  a  large  scale,  which  will  be  discussed  in  the  following  section  on 
the  origin  of  ores.  The  origin  of  the  rhodonite,  which  is  so  abundant 
in  many  of  the  hxles  of  the  northern  half  of  the  quadrangle,  and  its 
exact  relation  to  the  quartz  and  oiv  whieli  a(*eonipany  it  eonstitut^^  a 
puzzling  problem,  for  which  no  satisfactory  solution  lias  been  found. 
Such  a  solution  must  account  for  the  presence  of  large  lenticular  or 
partition-like  masses  of  rhodonite,  carrying  a  few  specks  of  low-grade 
ore,  and  dividing  the  ore  bodies  longitudinally  into  two  or  moro  parts, 
and  for  the  presence  of  patches  and  stringers  of  rhodonite.  In  the 
Saratoga  mine  rhodonite  has  formed  l)y  metasomatic  replacement  of 
limestone.  It  is  possible  that  in  such  lodes  as  the  Sunnyside  the  large, 
solid  masses  of  rhodonite  within  the  vein  may  represent  metaisomat- 
ically  altered  hoi*ses  of  country  rock.  This,  however,  is  merely  a 
hypothesis,  which  requires  confirmation  before  acceptance.  It  has 
undoubtedly  bet^i  deposited  also  in  open  fissures  as  a  true  vein 
mineral. 

ORIGIN  OF  THE  LODE  AND  STOCK  ORES. 

That  the  ores  of  the  Silverton  <iuadningl('  w(M-e  <leposited  from 
aqueous  solution  is  a  proposition  which,  in  the  liglit  of  present  knowl- 
edge, needs  no  special  (hMnonstration.     They  wen  precipitated  partly 

>Th«*  secondary  onrichnniit  of  oro  deposits:  Trans.  Am.  Inst.  Min.  Enjjf..  Vol.  XXX.  19011. 
l.p.  177-217. 

-  Enri«hm«'nt  of  mineral  Vfin«  by  later  metallic  sulphides:  Bnll.  (4eol.  Sec.  Am.,  Vol.  XI,  1900. 
p;*.  ITif  am. 
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in  open  spaces,  to  which  the  solutions  had  access,  and  partly  as 
replacements  of  various  rocks  through  metasomatic  action.  Their 
deposition  was  accompanied  by  chemical  and  mineralogical  changes 
in  the  immediately  adjacent  country  rock,  producing  effects  which  in 
the  majority  of  cases  diminish  rapidly  in  intensity  with  increasing 
distance  from  tlie  fissure  walls.  As  far  as  is  known,  the  deposition  of 
ore  within  the  fissures  was  not  affected  by  differences  in  character  of 
the  wall  rock.  It  is  believed  that  the  facts  presented  in  the  descrip- 
tive poitions  of  this  rei>ort  all  indicate  an  initial  primary  deposition 
by  ascending  mineralized  waters.  It  is  probable,  as  pointed  out  by 
Lindgren  ^  and  Van  Hise,^  that  these  waters  were  originally  meteoric 
waters,  which  gained  their  heat  and  collected  their  mineral  contents 
during  slow  downward  and  lateral  percolation  through  the  rocks,  and 
were  subsequently  gathered  as  ascending  currents  into  the  main 
fissures.  It  is  not  known  from  what  particular  rocks  they  extracted 
their  metalliferous  burden,  nor  at  what  depth  most  of  the  solution  took 
place. 

That  the  entire  process  of  ore  dejwsition  was  directly  connected 
with  voleanism  can  scarcely  he  doubted.  The  most  obvious  aspects 
of  this  connection  are  threefold:  (1)  The  mechanical  formation  of  the 
fissures;  (2)  the  accession  of  heat,  whereby  the  chemical  activity  of 
underground  water  was  intensified;  and  (3)  the  accumulation  of  vast 
masses  of  igneous  rock  from  which,  at  some  depth,  the  constituents 
of  the  ore  minerals  were  probably  derived.  It  is  possible  that  there 
should  l)e  included  here  also  the  evolution  of  carbon  dioxide,  sul- 
phydric  acid,  and  probably  other  volatile  substances,  as  active  solvent 
and  chemical  agents. 

V<My  diff(*r(*nt  views  are  held  by  various  investigators  in  regard  to 
the  extent  to  which  pneumatolytic  processes,  due  to  the  emanation  of 
highly  heated  gases  and  vapors  from  solidifying  igneous  rocks,  are 
responsible*  for  ore  deposition.  Van  Hise,  in  his  suggestive  paper 
just  cited,  practically  ignores  pneumatolysis  as  a  factor  in  the  forma- 
tion of  ore  bodies.  Kemp,^  on  the  other  hand,  considers  that  meteoric 
waters  have  little  or  no  efficiency  in  the  original  concentration  and 
de[)osition  of  ores,  and  that  the  waters  of  ore-bea-^ing  solutions, 
together  with  their  dissolved  mineral  constituents,  are  of  intratelluric 
origin,  and  are  given  off  at  high  temperatures  by  masses  of.  igneous 
rock  in  process  of  congelation.  Various  intermediate  views  are  held 
by  many  Europi»an  geologists  and  writers  on  ore  deposits,  notably  by 
Beck,  Vogt,  and  I)u  Launay.  The  evident  connection  between  ore 
deposition  and  voleanism,  or  at  least  the  products  of  voleanism,  the 

'  Tho  jjold  quartz  veins  of  Nevada  City  and  Qraas  Valley  districts,  California:  Seventeenth 
Aim.  Rept.  U.  S.  Geol.  Survey,  Pt  II,  1806,  p.  17ft. 

'^  Some  principleH  controlling  the  deposition  of  ores:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX, 
\mi  p.  47. 

3  The  role  of  the  igneous  rocks  in  the  formation  of  veins:  Trans.  Am.  Inst.  Mining  Eng.,  Rich- 
mond meeting,  19(11. 
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presence  of  fluorite  and  hubnerite  in  some  of  the  lodes  of  the  Silver- 
ton  rej^ion,  and  the  occurrence  of  alunite  and  diaspore,  in  connection 
with  nietasomatic  alteration  of  the  country  rock  appai'ently  brought 
about  by  acid  waters  and  locally  very  pronounced  in  character,  are 
all  to  some  extent  indicative  of  pneumatolytic  processes.  Hut,  as 
Lindgren^  remarks,  fluorine  and  boron  compounds  are  found  in  some 
deposits  which  are  certainly  not  of  pneumatolytic  origin,  nor  even 
formed  at  high  temperature.  The  Silverton  lodes,  as  a  whole,  possess 
neither  the  distribution  nor  the  mineralogical  characters  of  those 
deposits  to  which  in  the  light  of  present  knowledge  an  essentially 
pneumatolytic  origin  can  be  most  safely  assigned.  The  known  igne- 
ous masses  had  certainly  solidified  and  probably  had  lost  much  of 
their  heat  before  the  lode  fissures  were  formed.  It  is  most  probable 
that  the  transportation  and  concentration  of  the  Silvertoli  ores  was 
effecte<l  chiefly  by  meteoric  waters,  which  derived  their  chemical  and 
mechanical  energy  mainly  from  the  heat  connected  with  volcanism 
and  from  pressure,  but  possibly  in  some  minor  part,  also,  to  g'lses  and 
vapors  given  off  at  high  temperature  by  solidifying  igneous  rocks  and 
taken  into  the  deeper  meteoric  circulation. 

It  is  difficult  to  determine  the  exact  character  of  the  solutions  which 
deposited  the  ore  of  the  Silverton  quadrangle.  Many  natural  solvents 
are  known  for  the  common  gangue  minerals,  for  sulphide  minerals, 
and  for  gold.  According  to  Doelter's^  experiments,  pyrit^,  sphalerite, 
galena,  stibuite,  chalcopyrite,  arsenopyrit(»,  aii<l  bourmmit-e  are  all 
appreciably  soluble  in  pun*  water  under  the  influence  of  moderate 
heat  (80  C.)  and  i)ressure.  Galena  and  pyrite  are  soluble  in  water 
containing  carbon  dioxide,  and  gold  and  copper  an*  soluble  in  solutions 
of  sodium  carl)onate.  ' 

Solutions  of  sulphydric  acid  or  sodium  sulphide  are  n^latively  active 
solvents  of  gold,  as  well  as  of  pyrite,  dmlcopyritc^  l)ournonite,  ars<Mi- 
opyrite,  galena,  and  splialerite,  according  to  the  investigations  of 
Becker'  and  Doelter.''  The  experiments  of  Doelter  in  particular 
indicate  that  heat  and  probably  pressure  incn^ase  the  solvent  action, 
although  the  law  of  this  increase  of  the  different  minerals  is  unknown. 
Solution  is  also  favored  by  a  great  pieponderance  in  the  mass  of  the 
solvent  and  by  tlie  long  contact  of  solvent  and  solid  under  favorable 
conditions  of  heat  and  pn^ssure.  Obviously  these  latt(u-  conditions 
are  those  common  in  nature,  but  which  can  be  only  very  imperfectly 
realized  in  the  laboratory.  It  appears,  therefore,  that  nearly  all 
aqueous  solutions  that  occur  in  nature  may,  under  suitable  con<li- 
tions  ot'  heat  and  pressur(\  a<*t  as  solvents  and  carriers  of  the  heavv 


*  Metasomatic  processes  iu  ttssuro  veius:  Trans.  Am.  Inst.  Miii.  En^.,  Vol.  XXX.  IWX),  p.  tH4. 

ThoniiscUe  MhuTuloKie,  Leipzig.  Is'.^O,  p.  IHS. 

3  DcH'Iter,  loc.  (•it..pp.  15MI-191. 

<  Natural  solutions  of  cinnaliar.  Kold.and  as.-*o<.Mate(l  suli)hidt'.^:  Am.  Jour.  Sci.,  Vol.  XXX,  1W7, 

Fi.  im-'JlO.    Also  Mou.  U.  S.  Geol.  Survey,  Vol.  XllI,  ItWi,  pp.  i^i^i^^Hi. 
Loc.  cit.,]).lie 
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iiieta-ls  and  their  sulphides.  Some  solutions  are  undoubtedly  more 
efficient  than  others  under  like  conditions,  but  where  so  many  unknown 
elements,  such  as  degree  of  heat,  amount  of  pressure,  relative  mass 
of  solvent  and  solute,  and  duration  of  tlie  process,  enter  into  the 
problem,  It  is  rarely  possible  to  arrive  at  even  approximate  quantitative 
results. 

As  the  lode  and  stock  ores  were  deposited  from  solutions,  it  follows 
that  the  chemical  action  of  these  solutions  on  the  wall  ro(*ks  offers  a 
very  important  mode  of  attacking  the  problem  of  their  chemical  char- 
acter. The  nature  of  this  metasomatic  alteration  has  been  discussed 
at  some  length  on  pages  114-1  ol  of  this  report.  It  is  concluded  that 
the  solutions  producing  it  were  chemically  different  in  different  por- 
tions of  the  quadrangle.  The  very  slight  development  of  carbonates 
in  connection  with  some  lodes,  and  their  entire  absence  in  others,  indi- 
cate that  carbon  dioxide  or  alkaline  carbonates  were  not  abundant 
in  the  mineralizing  waters,  although  probably  not  wholly  absent  in 
the  case  of  deposits  such  as  those  of  Silver  Lake  Basin.  The  silicifi- 
cation  observed  in  connection  with  the  Red  Mountain  deposits,  with 
the  removal  of  most  of  the  bases,  including  in  some  cases  part  of  the 
alumina  and  the  addition  of  sulphur  and  water,  indicate  the  action  of 
acid  waters,  jn-obably  containing  free  sulphuric  acid.  But  here 
another  element,  which  can  not  be  ignored,  enters  the  problem. 
Water  containing  sulphuric  acid  and  ferric  sulphate  is  known  in  the 
Red  Mountain  region  to-day — not  as  ascending  themml  water,  but  as 
(in  part  at  least)  descending  water,  which  owes  its  acidity  to  the 
oxidation  of  previously  deposited  iron  pyrite.  The  capacity  of  this 
water  to  effect  some  changes  in  the  country  rock  is  beyond  doubt.  It 
is  not  unlikely,  therefore,  that  much  of  the  alteration  visible  in  the 
Red  Mountain  region  is  the  result  of  complex  processes  involving  the 
action  of  solutions  of  different  characters  and  origin  and  acting  upon 
any  given  mass  of  the  rock  at  different  times. 

Writers  on  the  genesis  of  ore  deposits  \Qvy  commonly  speak  of 
the  ''circulation,"  ''currents,"  or  "flow"  of  the  ore-l)eawng solutions 
within  the  fissures.  Although  the  use  of  these  terms  is  convenient 
and  can  not  be  regarded  as  entirely  incorrect,  yet  it  is  believed  that 
it  has  tended  to  give  artificial  or  false  conceptions  in  regard  to  the 
actual  ])rocesses  of  ore  deposition  in  many  veins,  particularly  in  large 
veins.  On*  deposited  by  solutions  having  obvious  movement  through 
a  fissure  should  exhibit  the  phenomenon  called  by  Posepny  crustificA- 
tion — i.  e.,  it  should  be  deposited  in  successive  layers  or  coatings  upon 
the  walls  of  t  he  fissure.  ^  But  this  structure,  formerly  so  much  insisted 
upon  as  evidence  of  deposition  in  open  fissures,  is,  as  a  matter  of 
fact,  of  comparatively  rare  occurrence  even  in  veins  which  on  other 
evidc^nce  are  demonstrably  simple  fissure  fillings.     In  most  of  the 


>  It  is  T>erhap8  hardly  needful  to  jwint  out  that  the  oonvene  of  this  proixxsition  is  not  necessa- 
rily true. 
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important  lodes  of  the  Stlverton  quadrangle  no  crnstiflcation  can  be 
detected.  The  fissures  are  filled  by  coarsely  crjrstalline  allotoiomor- 
phic  aggregates  of  ore  and  gangae  (massive  structure),  and  there  is 
no  evidence  to  show  that  such  a  structure  could  result  from  sneoesstve 
deposition  upon  the  walls  of  the  fissure  until  the  whole  was  Anally 
filled.  On  the  contrary,  crystallization  has  proceeded  simultaneoualy 
from  many  points  within  the  solution.  Quartz,  galena,  pyrite,  spha- 
lerite, chalcopyrite,  and  other  minerals  have  formed  practically  ccm- 
temporaneously  about  local  centers  of  crystallization  scattered  iir^n- 
larly  through  the  solidifying  mass.  It  is  difftcult  to  conceive  all  the 
details  of  a  process  which  results  in  the  formation  from  aqueous  solu- 
tion of  an  irr^^lar  allotriomorphic  aggregate  of  minerals  differing  so 
widely  in  specific  gravity.  But  reasoning  from  analogy  with  similar 
structures  met  with  in  petrol(^;y  and  in  the  arts,  it  is  fair  to  assume 
that  this  structure  in  veins  is  the  result  of  the  undisturbed  crystalli- 
sation of  a  nearly  motionless  saturated  solution.  In  other  words,  it 
was  the  crystallization  of  a  reservoir  so  large,  in  comparison  with  the 
current  ov  currents  which  circulated  through  it,  as  to  have  been  itself 
free  from  megascopic  motion.  The  conditions  which  induced  crys- 
tallization were  present  throughout  the  mass  of  material  which  filled 
the  fissure,  and  solidification,  instead  of  proceeding  gradually  from 
the  walls  inward,  took  place  almost  simultaneously,  although  not  nec- 
essarily with  rapidity,  throughout  the  mass.  Obviously  this  nuissive 
structure  and  crustifieation  may  be  present  in  the  same  vein.  In  such 
cascH  deposition  appears  to  have  begun  by  criistificatiou  next  the 
walls,  passing  at  a  later  stage  into  the  moi-e  j^eneral  mode  of  crystal- 
lization indicated  by  what  has  been  descril>ed  as  massive  structure- 
Attention  has  l)een  strongly  drawn  of  late,  through  the  ^litings  of 
I>e  Laiinay,^  Van  liise,^  Weed,^  and  Emmons/  to  lihe  important  part 
plaj'ed  by  secondary  sulphide  enrichment  in  th  fo^-naation  of  many 
ore  IxKiies,  particularly  those  carrying  copper  and  silver.  As  a  prob- 
able example  of  such  an  enriched  deposit,  Mr.  H^mnions*  has  cited  the 
Yankee  (lirl  ore  iKxly.  Unfortunately,  at  the  time  Mr.  Emmons  vis- 
ited the  mine,  in  1888,  but  little  attention  had  been  given  to  the  sub- 
ject of  s(»condary  sulphide  enrichment,  while  at  the  present  day  the 
stat^  of  the  workinirs  is  such  as  to  render  impossible  the  verification 
by  direct  observatiim  of  this  application  of  the  theoiy.  However, 
there  are  many  facts  which  point  strongly  toward  secondary  enrich- 
ment as  the  true  mode  in  which  the  rich  ore  bodies,  not  only  of  the 
Yankee  (iirl,  but  of  the  (Tuston,  Silver  l^ell,  and  other  mines,  were 
formed.     To  have  the  important  facvs  fresh  in  mind,  it  will  be  well  to 


»  Coutribntion  &  I'^tude  des  grite«  m4taUif(^reH:  Ann.  de.s  Mines,  Vol.  XII.  18»7,  pp.  119-S9g. 
"Some  principles  controlling  deposition  of  ores:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX,  UOOL 
pp.  27  In. 

■ichment  of  mineral  veins  by  later  metallic  sulphides:  Bull.  Geol.  Soc,  Am.,  Vol.  XI,  IMOL 


^^•Knrichi 


mcoDdary  enrichment  of  ore  depoelts:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX,  1900,  ppi 
rt.,  p.  19. 
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review  brieflj'^  the  characteristic  features  of  these  ore  bodies  which 
bear  upon  this  question. 

The  oi*e  first  struck,  in  some  cases  actually  at  the  surface,  consisted 
chiefly  of  argentiferous  galena.  At  a  depth  which  varied  somewhat 
in  different  mines,  but  which  appears  to  have  been  usually  less  than 
20()  feet,  this  galena  changed  to  an  ore  consisting  chiefly  of  highly 
argentiferous  stromeyerite.  At  a  still  greater  depth — usually  about 
500  feet — the  stromeyerite  changed  to  argentiferous  bornit^,  still 
diHn)er  to  chalcopyrite  and  pyrite,  and  finally  to  low-grade  aurifer- 
ous and  argentiferous  pyrite.  These  changes  were  more  or  less  irreg- 
ular and  overlapping.  Thus  pyrite  was  found  at  nearly  all  levels,  and 
bunches  of  galena  were  met  with  far  below  the  levels  at  which  it  ceased 
to  be  the  dominant  ore.  Small  rich  streaks  of  bornite  were  also  found, 
with  chalcopyrite  and  pyrite,  below  the  levels  where  it  occurred  in 
large  masses.  According  to  Schwarz,^  who  opened  and  worked  many 
of  the  ore  bodies  of  the  Red  Mountain  district,  the  rich  portions  of 
the  ore  l)odies  were  always  associated  with  open  water-bearing  fis- 
sures, and  he  apparently  regarded  the  entire  de|)osits  as  formed  pri- 
marily by  deposition  from  the  water  entering:  through  these  fractures. 
It  seems  to  be  a  well  attested  fact  that  at  a  depth  of  about  500  feet 
there  was  encountered  in  the  Yankee  Girl  and  Guston  mines  a  fault 
or  ''slip  plane"  with  low  west/crly  dip,  and,  further,  that  the  richest 
ore  occurred  just  above  this  seam,  which  was  filled  with  clay-like 
gouge.  Moreover,  most  of  the  water  entering  the  mines  came  in  at  or 
above  this  fault.  The  acid  character  of  this  water  was  well  known, 
and  it  carried  in  solution  large  amounts  of  the  sulphates  of  iron  and 
copper.  Lastly,  the  mines  are  situated  within  a  vallej^  of  erosion, 
within  which  the  ore  bodies  outcrop  at  different  levels.  It  is  not 
known  what  thic^kness  of  material  has  been  removed  in  the  shaping  of 
th(»  present  topography,  but  it  probably  exceeds  2,0<X)  feet.  It  is 
hardly  conceivable  that  the  observed  relation  between  the  vertical 
variations  in  the  ore  bodies  and  the  present  topographic  surface  is  a 
haphazard  one.     It  is  without  much  doubt  genetic. 

Ore  deposits  which  show  a  fairly  orderly  vertical  succession  from 
rich  sulphides  near  the  ground-water  level  down  to  poor  sulphides  at 
greater  depth  are  in  nearly  all  cases  regarded  as  the  product  of  two 
cone<*ntrati<>ns — a  concentration  by  ascending  waters  and  a  further 
concentration  by  descending  wat^rs.'^  By  the  former  are  deposited 
lean  ores,  found  in  the  deepest  workings,  which  are  enriched  to  a 
greater  or  less  depth  by  the  downward-moving  solutions.  As  Van 
llise  has  pointed  out,  these  two  processes  may  go  on  at  the  same 
time,  or  th<\\  may  have  operated  successively  on  any  given  vertical 
section  of  the  ore  body.  The  facts  obtainable  in  the  Red'  Mountain 
region  point  to  the  original  deposition  of  bodies  consisting  chiefly  of 


>  TranR.  Am.  Inst.  Min.  Enf?.,  VoL  XVIII,  1890,  p.  144. 
*  Van  Hise,  op.  cit..  p.  101. 
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pyrite  canying  a  little  gol^,  silver,  and  copper.  The  lead  may  have 
originally  been  sparingly  deposited  as  galena  with  the  pyrite.  It  is 
into  saeh  low-grade  auriferous  and  argentiferous  pyrite,  carrying  2  or 
3  per  cent  of  copper  and  containing  an  occasional  bunch  of  galena, 
that  the  rich  ore  bodies  passed  in  the  Guston,  National  Belle,  Silver 
Bell,  Hudson,  and  Yankee  Girl  mines  when  the  ore  became  too  poor 
to  work. 

Subsequently,  as  the  surface  of  the  region  was  reduced  by  eronion, 
descending  waters,  which  found  ready  passage  through  the  fissured 
and  mineralissed  rocks  of  the  region  and  through  the  upper  portions  of 
the  lean  primary  ore  bodies,  effected  a  second  concentration,  which 
produced  the  rich  ore  formerly  mined.  The  penetration  of  this  water 
into  the  primary  pyritic  ore  must  have  been  aided  by  the  porous^ 
crumbling  character  of  much  of  the  latter.  These  waters  are  known 
to  have  been  heavily  laden  with  the  sulphates  of  iron  and  copper  and 
other  salts,  resulting  from  oxidation  of  the  upper  portions  of  the  ore 
bodies.  As  these  solutions  penetrated  downward  they  probably  acted 
upon  the  low-grade  pyritic  ore,  replacing  part  of  the  iron  sulphide  by 
sulphides  of  copper  and  silver.  Apparently  much  experimental  work 
remains  to  be  done  before  all  the  details  of  the  chemical  processes 
involved  will  be  actually  known,  but  the  probability  of  the  transfor- 
mations outlined  is  shown  by  the  following  chemical  equations  taken 
from  Van  Uise's  suggestive  paper.  ^ 

By  taking  nolutiona  contHining  merely  the  Hiilphates  of  copper  the 
pr(xluetion  of  chalcopyrite  from  iron  sulphides  may  be  written  as 
follows: 

Cupric  sulphate  4- ferrous  sulphide  ~chalcopyrit«+ ferrous  sulphate. 

CUSO4     -h      '2  FeS      =  CuFeSjj  +      FeSO^ 
Or, 

Ciipric  sulphate  4-    pyrite    +oxypen  =  chalcopyrite+forrouB  sulphate + sulphurous  anhydride. 

CuSO,     +:JFeS2+   O,    -  CuFeS^  +      FeSO^     +  2  SO, 

Boriiile  may  be  produced  as  follows: 

Cuprous  sulphate  4-  cupric  sulphate  4-  ferrous  sulphi<le  ^     bornite     4-  ferrous  sulphate. 

Cu.^S()4     +     CUSO4     +      3  FeS      =Cii3FeS3-f     2  FeS04 
Or, 

Cuprous  Hulphate  4-  cupric  sulphate  4-    pyrite    4-  oxygen  =»    Iwrnite     4-  ferrous  sulphate  4- 

CU2SO4      +     CUSO4     +3  F0S2+  0  O  =Cu.3FeS,+     2  FeSO^     + 

sulphurous  anhydride. 

3  SO., 

Biiti  bornite  may  also  be  formed  by  <lirect  aetion  of  the  copper  sul- 
pliat(»s  on  chalcopyrite,  as  follows: 

Chalcopyrite+ cupric  sulphate 4-oxygen=     bornite     4-ferrous  sulphate 4- sulphuronsanhyUrida. 

2  CuFeS.,+     CUSO4     +  O2  =Cu3FeS3+      FeSO^      +  SO^ 


'Some  principles  controlling  the  deposition  of  ores:  Trans.  Am.  Inst.  Min.  Eng.,  VoL  XXZ, 
1900,  pp.  m-112. 
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Clialcocite  may  be  produced  from  pyrite,  ehalcopyrite,  or  bornite, 
as  follows: 

Cnpr  )U8  sulphate  4-  pyrite  +  oxygen  =  chalcocite  -f-  cuprous  sulphate  +  sulphurous  anhydride. 

(hi,.S(),       +FeS2+    O2   =   CugS   -f-        FeS04       +  SO^ 

Cupric  sulphate +chalcopyrito+oxygen=chalcocite+cuprou8  sulphate +8ulphurou8  anhydride. 

CiiSo^      -fCuFeS2+  O2  =  Cu^S  +       FeS04       -;-  SO.^ 

Cnpric  sulphate  -f      l>ornite     4-oxygen  =  chalcocite  +  ferrous  sulphate + sulphurous  anhydride. 

CuSO,      H-Cki^FeSa-h    O.^   =  2C1I2S  +       FeS04      +  SO^ 

Of  coarse  it  is  nnderstno<l  that  these  sulphides  overlap  one  another.  Before  the 
iron  sulphide  has  wholly  been  replaced  by  ehalcopyrite  bornite  may  appear.  At 
the  x)lace  where  bornite  has  become  reasonably  abundact  chalcocite  may  be  found. 
However,  certain  general  statements  may  be  made.  If  the  dominating  material  is 
iron  Hulphide,  the  copper  mineral  which  is  present  is  likely  to  be  ehalcopyrite 
rather  than  the  richer  sulphurets.  Chalcopyrite,  on  the  one  hand,  is  likely  to 
be  associated  with  the  pyrites,  and  on  the  other  hand  with  bornite,  or  even  chal- 
cocite. Bornite  and  chalcocite  are  likely  to  be  associated  with  each  other  and  with 
chalcopyrite.  but  with  the  first  two  compounds  iron  sulphide  is  likely  to  be  sub- 
ordinate or  absent.' 

When  the  sequence  of  formation,  deduced  largely  on  theoretical 
<jround8  by  Van  Hise,  is  compared  with  the  fact«  of  occurrence  in  the 
Yankee  Girl  and  Guston  mines,  the  close  correspondence  affords 
striking  confirmation,  not  only  of  the  probable  truth  of  the  theory  of 
secondary  sulphide  enrichment,  but  also  of  its  applicability  to  these 
deposits.  As  far  as  the  cupriferous  sulphides  and  pyrite  are  con- 
cerned, the  relations  are  exactly  those  which  might  be  expected  as  a 
result  of  the  downw^ard  percolation  of  solutions  of  copper  sulphates 
tlirougli  a  body  of  low-grade  pyritic  oies. 

Th(»  iron  sulphates,  of  course,  can  not  act  directly,  as  do  the  copper 
sulpliates,  in  enriching  the  ore.  Their  r61e  is  limited  to  an  attack  upon 
the  pieviously  formed  sulphides,  whicli  converts  them  into  sulphates 
and  redeposits  them  in  part  as  sulphides  below  the  zone  of  oxidation. ^ 
They  thus  aid,  although  in  a  different  manner,  the  copper  sulphates  in 
effecting  a  secondary  concentration  of  the  ores.  It  is  probable  that, 
owing  to  the  slight  solubility  of  its  sulphate,  the  lead  is  deposited  as 
sulphide  at  an  early  stage  in  the  downward  movement  of  the  solu- 
tions, and  that,  through  a  constant  and  prolonged  continuance  of  this 
proc(  ss,  as  the  outcrop  of  the  ore  body  is  lowered  by  erosion,  there 
have  resulted  the  masses  of  nearly  pure  galena  ore  which  occurred 
a])ove  the  chalcocite  or  stromeyerite. 

The  application  of  the  theory  of  secondary  sulphide  enrichment  to 
any  ore  IxkIv  naturally  presupposes  the  existence  of  small  amounts 
of  the  valuable  metals  in  the  low-grade  ore  of  primary  deposition. 
But  this  fact  is  not  always  easily  determined,  as  mining  operations  are 
not  often  pushed  very  far  beyond  the  depth  at  which  the  ore  ceases  to 


'  Van  Hise,  op.  cit.,  p.  112. 

'^  The  secondary  enrichmeDt  of  ore  deposits,  by  S.  F.  Emmons:  Trans.  Am.  Inst.  Min.  En(?.» 
Vol.  XXX,  190(),  p.210. 
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pay,  and  it  is  not  always  possible  to  determine  the  aotnal  downward 
limit  of  the  enrichment.  But  the  numerous  assays  made  of  the 
unworkable  pyrite  in  the  deepest  levels  of  the  Guston,  Silver  Bell,  and 
National  Belle  mines  all  show  the  presence  of  a  fraction  of  an  ounce 
'of  gold  and  a  few  ounces  of  silver.  Lead  has  not  been  determined. 
It  is  probable  that  in  the  assays  made  for  practical  purposes  no 
attempt  was  made  to  determine  its  presence  in  small  amounts.  It 
should  further  be  borne  in  mind  that  the  enrichment  in  question  is 
not  of  necessity  due  solely  to  waters  which  have  descended  from  the 
upper  portion  of  the  selfsame  ore  deposit.  The  descriptions  of  the 
mines  indicate  that  some  of  the  second  concentration  was  effected  by 
waters  which  may  have  traveled  laterally,  from  some  distance,  through 
rocks  which  are  themselves  mineralized  and  may  contain  considerable 
bodies  of  ore  as  yet  undiscovered. 

The  theory  of  secondary  enrichment,  which  is  regarded  as  giving 
the  most  probable  and  satisfactory  explanation  of  some  of  the  pcnni- 
liar  features  of  the  Red  Mountain  deposits,  has,  if  its  application  is 
correct,  certain  very  important  and  practical  consequences.  It  Indi- 
cates that  the  rich  ores  formerly  mined  have  a  working  lower  limit 
which  is  probably  less  than  1,000  feet  in  depth.  While  small  bodies 
of  rich  ore  may  occur  deeper  than  this,  it  is  probably  not  worth  while 
prospecting  for  them  when  once  the  depth  has  been  reached  at  which 
the  ore  is  practically  all  low-grade  pyrite.  On  the  other  hand,  as 
some  pyrite  occurH  at  all  depths,  and  as  the  vertical  limits  of  the 
zones  of  enriehnient  are  necessarily  irrefjular  and  overlapping,  it  is 
unwise  to  suspend  o|)erifition8  too  quickly,  merely  l>ecau8etheorefalls 
off  locally  in  value  and  IxH'omes  pyritic. 

Passing  from  the  Red  Mountain  stock  deposits  to  the  lodes  occur- 
ring in  other  portions  of  the  quadrangle,  the  evidence  of  secondary 
enrichment  is  less  easily  ivad.  It  seems  very  prolwible  that  the  rich 
silver  minerals,  such  jis  polyhasite,  proustite,  and  argentite,  are  the 
result  of  secondary  enrichment  similar  to  that  described  by  Weed* 
in  the  Neihart  district  in  Montana.  In  the  San  Juan  rej^ion,  however, 
the  actual  stej)s  of  the  alteration  of  lower-^rade  ores  into  those  rich 
in  silver  can  not  be  traced.  Theeviden(*e  for  a  secondary  origin  con- 
sist*  in  the  fact  tliat  these  rich  minerals  (M»cur  largely  in  vugs,  and 
that  in  several  cases  they  pass  at  mo<lemte  depths  into  low-grade  ores. 
These  features,  however,  do  not  in  themselves  pri^chide  the  idea  that 
the  minerals  aiv  primary,  and  resulte<l  from  orij^inal  deposition  in  a 
zone  where  ascending  and  descending  waters  mingled. 

In  the  Tomboy  mine  the  undoubted  association  of  the  richest  gold 
ore  with  shattering  and  movement  in  the  lodes  accompanied  by  some 
oxidation  far  below  the  level  of  general  weathei'ing,  is  suggestive  of 
secondary  enrichment,  but  it  is  haiHily  safe  to  assume  that  this  process 

'  Geology  ot  the  Little  Belt  Mountains,  Montana:  Twentieth  Ann.  Rept.  U.  a  G«oL  Surrey, 
PL  nU  iOtJQ,  pp.  iSl-4SSL 
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has  HiCtually  been  effective.  Both  in  this  mine  and  in  the  Silver  Lake 
mine  it  is  stated  by  those  in  charge  that  rich  bunches  of  ore  are  com- 
monly associated  with  secondary  or  *'  post-mineral"  fissuring,  which, 
if  true,  is  significant  of  some  secondary  enrichment  below  the  zone  of 
oxidation. 

THE  GROUND  WATER. 

In  many  mining  regions  the  level  at  which  the  ground  water  stands, 
or,  nioro  accurately,  the  shape  of  its  surface  and  the  relation  of  the 
latter  to  the  topography,  is  a  matter  of  much  importance,  as  by  it  are 
frequently  determined  questions  of  mine  drainage  and  the  depths  at 
which  oxidized  ore  changes  to  unoxidized  ore.  In  the  Silverton  region, 
however,  erosion  has  proceeded  with  such  celerity  relative  to  processes 
of  oxidation  and  weathering  that  the  change  in  question  is  largely 
indei>endent  of  the  depth  of  the  ground  water,  and  the  latter  is 
accordingly  of  less  moment  to  the  miner. 

In  most  regions  of  considerable  relief  the  upper  surface  of  the 
ground  wat(M-  <*orresponds  to  a  very  subdued  copy  of  the  topographic 
relief.  In  the  exceedingly  rugged  and  much  fissured  Silverton  area, 
however,  tlie  ground- water  surface  is  very  much  less  accentuated  than 
the  topograi)hy.  Not  only  is  the  water  tapped  and  drained  away  by 
the  d(H'ply  <*iit  ravines,  but  its  level  is  often  modified  by  the  tunnels 
run  into  tlie  mountains,  sometimes  several  thousand  feet  below  the 
crests  of  tlie  ridges.  Under  these  conditions  it  is  often  practically 
impossible  to  predict  at  what  depth  the  ground-water  surface  will  l)e 
encountered  iii  mining  operations. 

Tunnels  driven  in  from  the  floors  of  the  high  basin  do  not,  as  a  rule, 
(»ncounter  iiermanent  ground  water.  Those  run  bcdow  the  basins, 
such  as  the  Tnity  tunnel,  or  from  the  bottoms  of  the  deei)er  ravines, 
such  as  the  Highland  Mary  tunnel  in  Cunningham  Gulch,  tlie  Bonanza 
tunnel  near  Animas  Forks,  the  Old  Lout  tunnel  in  Poughkeepsie 
(tuIcIi,  the  Revenue  tunnel,  the  North  Star  tunnel  on  Sultan  Mountain, 
and  th(»  Kmi)ire  tunnel  near  Silverton,  usually  tap  the  ground  water 
and  artificially  lower  its  surface  within  the  overlying  rock  masses. 
In  tlu'  shafts  of  the  Red  Mountain  district  permanent  water  is  encoun- 
tered at  depths  varying  from  50  to  2(H)  fe(»t  Indow  the  surface,  depend- 
ent upon  the  location  of  the  shaft  and  tlie  seasonal  fluctuations  of  the 
ground-water  surface,  which  sometimes  exceed  50  feet.  In  the  Red 
^Mountain  district  the  ground-water  surface  is  nearest  the  topographic 
surface  in  spring  or  early  summer. 

REPLACEMENT  DEPOSITS. 

PxMween  certain  replacement  deposits  and  the  metasomatic  impreg- 
nations frequently  {U*c(nnpanying  fissure  veins  or  ore  stocks  no  sharp 
distinction  can  be  made.  Whether  the  deposit  shall  be  classed  as  a 
V(Mn  or  as  a  replacement  deposit  may  depend  simply  upon  the  quan- 
titative relation  between  the  ore  found  within  the  walls  of  the  fissure 
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find  tihiit  oecnrriiig  in  dis«emiiiftted  particles  or  in  larger  maBses  in' 
the  fiipf  1180111  at ir  country  nx*k.  The  Red  Mountain  stocks  unduubf-* 
edly  owe  their  form  parliy  to  tnetasonmtie  mplaeemeut,  nml  inighl 
aloioHt  HH  well  be  deseril>ed  under  this  head.  Ort^'lkearing  ri^u!>iiirt'8 
travoi*MiiifL^  rhyolite  I'oeks  aru  in  this  rt^gioii  frefinently  iioennipaniirfi 
by  notable  replacement  of  the  wall  rnek  by  ore.  Bnt  there  ari*  a  fpw. 
tiepositrt  where  replaeeni«ut  is  so  coiispicuQiiR  a  fimtiire  and  wher©  mal 
small  a  part  of  the  ore  oceiirs  within  *listinet  ti^Bnre  walk  that  but 
little  donbt  uvvil  arise  aft  to  Iheir  proper  elaiiiii^ification.  Thej'  an% 
howeV€*r,  neither  abundant  nor  relatively  important  in  the  Silvortoii 
quadrangle. 

Direet  replacement  of  limestone  by  ore  oecurs  on  the  east^^rn  sid# 
of  Ironton  Park,  where,  for  some  diBtanee,  a  thick  bed  of  whit^p 
erj^stalline  limestone,  probably  of  Devonian  age,  m  exposcHt  beneath 
Tertiary  voleani**  roekw.  At  the  Saratoga  mine  the  i>re,  consisting  in 
it»  nnoxidized  state  of  pyrito,  ehalcopjTite,  and  galena,  with  [wrhajm^ 
a  little  argentite,  has  replaecd  the  npper  portions  of  this  llmei^t^itie  ■ 
to  a  varying  depth.  The  oi-e- bearing  solnti<mH  havt*  Iwmmi  idiiefly 
active  alonu  the  t^onlael  between  the  Hmestone  and  an  overlying 
nndesitie  hreeeia  or  tufT  belonging  iu  the  Silverton  series.  A  littk* 
Tellundo  eonghnnerate,  consisting  largely  of  limestone  pebbles, 
occurs  near  the  adit  of  the  mine,  lietween  the  limeMtone  and  the  ov€*r- 
lying  volcanic  series.  It  has  in^en  silicified  and  prohalily  partly, 
replaced  by  ore,  bnt  was  not  recognized  a^  present  in  the  main  work- 
ings.  The  ore  is  sometimes  associated  with  rhodonite,  which  has 
also  replaced  the  limestone  and  frequently  incloses  residual  kernels 
of  the  latter.  The  ore  was  probably  dei>osited  by  solutions  rising 
through  one  or  more  northeast-southwest  fissures,  although  no  direct 
connection  of  the  ore  with  any  of  the  fissures  could  be  made  out.  In 
the  Baltic  mine  a  similar  but  lower-grade  ore  occurs,  also  as  a  replace- 
ment of  the  upper  portion  of  the  same  bed  of  limestone.  This  ore, 
however,  is  directly  connected  with  an  ore  body  filling  a  fault  fissure 
(the  Mono  vein).  In  the  Maud  S.  claim,  which  is  part  of  the  Baltic 
group,  some  argentiferous  copper  ore  occurred  in  bunches  in  the  same 
limestone  alongside  of  a  fault  fissure.  The  direct  connection  between 
the  replacement  ore  bodies  of  the  Baltic  group  and  a  system  of  north- 
east-southwest fault  fissures  strongly  suggests  that  a  similar  connec- 
tion does  or  did  formerly  exist  in  the  case  of  the  Saratoga  ore  body. 

In  the  southern  portion  of  the  quadrangle  the  Devonian  limestone 
at  the  east  base  of  Sultan  Mountain  carries  disseminated  particles  of 
native  silver  on  the  Fairview  claim,  while  in  an  unknown  prospect 
near  the  King  mine  a  body  of  chalcopyrite  occurs  partly  in  a  fissure 
and  partly  as  a  replacement  of  the  limestone  near  the  fissure.  The 
ore  in  this  case  makes  largely  at  the  underside  of  the  limestone,  whei'e 
it  rests  upon  quartzite. 
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The  facility  with  which  the  rhyolitic  rocks  of  this  region  become 
to  a  greater  or  less  extent  metasomatically  replaced  by  ore  has 
already  been  noted.  In  most  cases  such  replacement  is  a  minor 
accompaniment  of  the  deposition  of  ore  in  fissures.  But  at  the  Silver 
Ledge  mine  replacement  is  the  dominant  mode  of  occurrence.  The 
ore,  consisting  of  galena  and  sphalerite,  occurs  metasomatically, 
replacing  rhyolite  in  the  vicinity  of  a  zone  of  fracturing  and  faulting 
trending  about  N.  20°  E.  These  fractures  contain  crushed  country 
rock  and  ore,  and  there  has  evidently  been  movement  along  them 
since  the  ore  was  deposited.  The  principal  ore  bodies,  however,  are 
not  found  within  the  fissures,  but  as  irregular  replacements  of  the 
rhyolite  which  forms  their  walls.  In  some  instances  l)odies  of  ore  have 
been  followed  into  the  country  rock  for  30  or  40  feet  from  the  main 
fissures.  The  replacement  is  sometimes  complete,  resulting  in  solid 
masses  of  ore.  More  often  it  takes  the  fonn  commonly  described  as 
impregnation;  i.  e.,  the  ore  is  more  or  less  thickly  scattei*ed  through 
the  rhyolite  in  specks  and  small  bunches.  In  this  case  there  is  no 
definite*  boundary  to  the  ore  body,  and  only  so  much  of  it  is  removed 
as  can  be  profitably  worked. 

The  deposition  of  the  ore  has  been  accompanied  by  metasomatic 
change  and  a  complete  recrystallization  of  the  rhyolite.  The  result- 
ing material,  which  forms  the  gangue  of  the  ore,  is  a  nearly  white, 
iiiiiuitel}^  crystalline  aggregate  of  sericite,  kaolin,  and  quartz,  with 
generally  a  little  rutile  and  occasionally  a  small  amount  of  calcite. 
The  proportions  of  the  three  principal  constituents  vary,  some  facies 
of  the  rock  consisting  chiefly  of  sericite  and  kaolin,  while  others  are 
largely  sericite  and  quartz. 

MISCELLANEOUS   MINERAL   RESOURCES. 

Compared  with  the  extraction  of  gold,  silver,  copper,  and  lead,  all 
other  niiiKM-al  productions  of  the  quadrangle  are  insignificant.  At 
present  no  deposit  is  being  worked  for  zinc,  but  sphalerite  ores  are 
abundant.  As  a  rule,  ore  bodies  showing  much  sphalerite  with  little 
galena  have  beim  little  prospected,  on  account  of  the  smelter  penalty 
attacliing  to  an  excess  of  zinc  in  ores  smelted  for  other  metals.  But 
with  the  increasing  demand  for  zinc  ores  it  is  not  unlikely  that  some 
of  the  splialeritc  lodes  may  ultimately  be  worked  for  this  met^al. 
This,  however,  may  be  some  years  hence,  owing  to  the  natural  disad- 
vantages under  which  mining  is  carried  on  in  so  elevated  a  region. 

The  occurrence  of  hiibnerite  on  Cement  Creek  has  aroused  expec- 
tations of  the  profitable  exploitation  of  the  deposits.  The  mineral  is 
easily  concentrated  from  its  gangue,  but  it  is  very  doubtful  whether 
it  occurs  in  deposits  of  sufficient  size  or  constancy  to  justify  extensive 
operations. 
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Bog  iron  ore  oocurs  in  the  swampy  ground  along  Mineral  Creek  and 
in  Ironton  Park  as  a  deposit  from  iron-bearing  springs.  It  was  for- 
merly used  to  some  extent  in  Silverton  as  a  flux  for  smelting,  but 
has  at  present  no  market. 

Limestone  suitable  for  making  lime  occurs  at  several  {joints  in  the 
jieripheral  portions  of  the  quadrangle,  and  has  been  burned  for  lime 
just  below  Silverton  to  supply  local  demand. 

Building  stone  is  not  in  much  request.  Good  stone  might  undoubt- 
edly be  quarried  from  the  monzonite  of  Sultan  -Mountain  were  there 
any  denuind  for  a  building  material  involving  so  much  labor  in  its 
production. 


PART  II.  DETAILED  DESCRIPTIONS  OF  SPECIAL  AREAS  AND  INDIVIDUAL 

MINES. 

INTRODUCTION. 

The  following  descriptions  are  arranged  in  general  conformity  to 
a  geographical  plan.  The  mines  in  the  Silver  Lake  Basin,  in  the 
southeastern  part  of  the  quadrangle,  are  first  described.  Proceeding 
northward,  other  groups  are  taken  up,  in  the  eastern  and  northeast- 
ern portions  of  the  area.  Then  follow,  successively,  accounts  of 
mines  in  the  nortliern,  northwestern,  western,  and  southern  districts, 
and,  finally,  descriptions  of  the  Cement  Creek  ore  deposits  in  the 
southwest-central  part  of  the  quadrangle. 

LODES  OF  SILVER  LAKE  BASIN. 

General  features. — The  basin  in  which  Silver  Lake  lies  is  a  typical 
liigh  cirque  of  a  kind  common  in  the  San  Juan  Mountains.  Its  rocky, 
hunimocky  floor,  with  an  altitude  between  12,000  and  12,500  feet,  is 
inclosed  on  three  sides  by  cliffs  and  precipitous  slopes  culminating 
ill  Kendall  and  Little  Giant  peaks,  which  attain  altitudes  of  over 
13,400  feel.  The  basin  opens  to  the  north-northwest,  and  its  sloping 
floor  is  terminated,  at  an  altitude  of  about  12,000  feet,  by  precipices 
which  plunge  down  to  the  talus-covered  bottom  of  Arrastra  Gulch. 
Silver  Lake,*  a  characteristic  mountain  tarn,  occupies  a  depression  of 
considerable  depth,  excavated  by  glacial  erosion  in  the  softer  rock 
behind  the  hheet  of  massive  andesite  at  the  northern  end  of  the  lake, 
over  which  tlie  present  drainage  escapes  to  Arrastra  Gulch.  The 
marks  of  glacial  scoring  are  still  plainly  visible  on  this  resistant  sill, 
through  which  the  clear  water  escaping  from  the  post-Glacial  lake  has 
been  unable  to  cut.  The  original  beauty  of  this  little  sheet  of  water 
has  been  marred  by  mining  o|>erations,  particularly  by  a  partial  fill- 
ing with  tailings  from  the  Silver  Lake  mill.  The  basin  is  well  above 
timber  lin(»,  and  the  mine  buildings  are  sometimes  seriously  damaged 
by  snow  slides.  Mine  timbers  are  packed  in  from  Deer  Park  by 
burros,  over  the  col  or  saddle  at  the  southern  end  of  the  basin. 
Tlie  main  communication  with  the  mines,  however,  is  by  the  trail  and 
the  wire-rope  tramways  running  up  Arrastra  Gulch. 

The  rocks  in  which  the  basin  has  been  carved,  and  which  form  the 

>  Formerly  known  as  Arrastra  Lake,  and  still  bo  desif^^nated  on  the  maps  of  the  General  Land 
Oflice.    This  is  also  the  name  of  the  post-office  at  the  Silver  Lake  mine. 
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eonntry  rock  of  the  mines  to  the  depth  now  worked,  belong  to  the 
Silverton  series  and  illustrate  its  typical  development.  They  are  pie- 
vailingly  breccias,  in  which  the  angalar  fragments  and  the  IntemtitiAl 
matrix  are  composed  of  the  same  materials,  with  practically  no  admix- 
ture of  foreign  particles.  The  induration  of  these  breccias  has  pro- 
duced rocks  which  can  with  difficulty  be  distinguished  from  massiTe 
lavas.  A  careful  inspection  of  weathered  surfaces,  or  a  microscopieal 
examination,  will,  however,  usually  reveal  their  true  clastic  nature. 
The  general  character  of  these  breccias  is  andesitic.  But  they  differ 
from  normal  andesite,  such  as  occurs  in  the  San  Juan  formation,  by 
the  presence  of  occasional  porphyritic  crystals  or  phenoorsrsts  of 
orthoclase  and  quart^z,  and  in  the  occurrence  of  orthoclase  in  the 
groundmass.  The  abundance  of  the  phenocrysts  of  orthoclase  feldspar 
and  quartz  varies  in  different  varieties  or  facies  of  the  breccia.  As  a 
whole  these  rocks  appear  to  be  most  closely  related  to  the  latitic  group 
of  intermediate  rocks.  Associated  with  the  breccia  are  massive  rbcks 
of  the  same  general  type  as  the  breccias,  which  have  been  intruded 
as  sheets  and  dikes,  and  possibly  in  part  as  contemporaneous  lava 
flows.  As  examples  of  these  may  be  cited  the  masses  forming  the 
summit  of  Round  Mountain  and  the  hard  sill  that  holds  up  the  waters 
of  the  lake  at  its  northern  end.  The  latter,  a  dark-gray  rock  of  splin- 
tery fracture,  shows  abundant  fresh-looking  phenocrysts  up  to  about 
a  centimeter  in  length,  and  smaller  crystals  of  hornblende,  lying  in  a 
compact  groundmass.  A  thin  section  shows,  under  the  microscope, 
phenocrysts  of  labradorite  feldspar,  brown  hornblende,  and  pale- 
greenish  augite,  in  a  feldspathic  groundmass.  The  augite  is  partly 
decomposed  to  ealcite  and  chlorite,  and  certain  areas  of  chlorite  appear 
to  represent  former  ijhenocrj^sts  of  biotite.  The  groundmass,  while 
somewhat  obscure<l  by  calcite,  chlorite,  and  other  products  of  altera- 
tion, appears  to  consist  chiefly  of  plagioclase,  orthoclase,  and  glass. 
The  accessory  minerals  arc  niagnetito  and  apatite.  The  rock  from 
the  summit  of  Round  Mountain  is  very  similar,  but  the  pi*esence  of 
ortho(*lase  in  the  groundmass  is  more  clearly  shown  and  the  augite  is 
fresher  and  more  abundant. 

The  lodes  of  Silver  Lake  Basin  are  large  and  prominent,  and  on 
this  account  were  discovered  aud  located  at  an  early  stage  of  the 
mining  development  of  the  region.  But  it  was  not  until  the  erectioB 
of  the  Silver  Lake  mill,  about  1800,  that  they  were  worked  on  the 
scale  necessary  for  the  profitable  and  permanent  extraction  of  low- 
grade  ore.  They  are  nearly  all  fissure  veins  of  comparatively  simpk 
form,  and  have  clearly  defined  walls.  The  wall  rock  has  been  chem- 
ically altered  by  the  solutions  traversing  the  fissures  and,  to  a  slighJ 
degree,  impregnated  with  ore  minerals,  but  it  is  not  regarded  as  ore 
and  is  always  readily  distinguished  from  the  vein  filling. 

The  lodes  wholly  or  partly  within  the  basin  may  be  divide*!  into  two 
groups.     The  first  group  comprises  at  least  two  very  strong  and  pe^ 
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sistent  lodes,  which  may  be  referred  to  as  the  Silver  Lake  and  Titus- 
ville  lodes.  The  general  course  of  the  fissures  of  this  group  is  nearly 
northwest  and  southeast.  The  second  group  embraces  a  number  of 
shorter  lodes,  having  a  general  average  course  about  N.  25°  W.,  and 
lying  between  the  two  chief  lodes  of  the  first  group.  The  members  of 
the  second  group  are  locally  spoken  of  as  "  north-and-south  veins" — 
an  obviously  inaccurate  expression. 

The  general  dip  of  all  the  productive  lodes  in  the  basin  is  northeast- 
erly, although  some  of  them  are  nearly  vertical  and  often  dip  locally 
to  the  southwest.  Those  of  the  first  group  frequently  have  a  much 
flatter  dip  than  those  of  the  second  group,  and  the  ore  is  generally  of 
lower  grade  and  more  irregular  in  its  occurrence.  Large  bunches  of 
ore  are  separated  by  relatively  barren  portions  of  the  lode.  As  a  rule 
the  product  is  a  lead-silver  ore,  consisting  chiefly  of  galena  accompa- 
nied by  sphalerite,  clialcopyrite,  pyrite,  and  sometimes  tetrahedrite. 
In  some  eases  the  silver  may  be  so  low  as  to  be  subordinate  in  impor- 
tance to  the  lead.  The  lodes  of  the  second  group  have  a  much  steeper 
dip,  the  average  being  probably  near  80°.  Their  ore  bodies  are  usu- 
ally more  regular  and  of  higher  grade.  Galena  is  still  the  most  promi- 
nent ore  mineral,  but  chalcopyrite  and  pyrite  are  generally  more 
abundant,  and  the  ore  may  carry  several  ounces  of  gold  per  ton. 
These  lodes  have  been  best  explored  toward  the  north,  where  some  of 
tlieni  form  junctions  with  the  Silver  Lake  lode.  Several  of  them 
pinch  and  die  out  in  a  few  small,  irregular  stringers  before  reaching 
this  fissure.  Others,  such  as  the  New  York  City  and  Royal  veins, 
reach  and  connect  with  the  master  lode.  The  general  relations  of  the 
h)des  of  the  two  groups  can  perhaps  be  best  understood  from  fig.  2, 
page  51,  wliich  is  a  generalized  and  diagrammatic  sketch  of  the  plan 
of  the  principal  fissures  exploited  in  the  Silver  Lake  and  Iowa  mines, 
on  the  west  side  of  Silver  Lake.  The  Silver  Lake  lode  is  fully  as  long 
again  as  sliown.  It  has  been  exploited  on  the  northwest  through  the 
old  Nevada  mine  and  is  known  to  extend  into  the  head  of  Blair  Gulch. 
Toward  the  soutlieast  it  passes  under  the  lake  and  is  probably  con- 
tinuous with  the  lode  of  the  Royal  Tiger  mine.  Just  before  cross- 
ing the  southeast  rim  of  the  basin,  the  Tiger  lode  divides  into  two 
branches,  neither  of  which  has  been  traced  far  beyond  the  point  of 
divergence.  A  plat  of  the  principal  claims  of  Silver  Lake  Basin  and 
vicinity  is  shown  in  PI.  XIII. 

As  the  lodes  of  the  second  group  approach  the  junction  with  the 
Sil\  (*r  Lake  vein  they  become  poor.  Their  courses  are  also  defiected 
toward  the  west,  as  indicated  in  the  sketch.  The  country  rock  in  the 
V  near  the  junction  is  usually  shattered  and  traversed  by  numerous 
<iuartz  stringers.  Some  of  these  are  irregular,  but  there  is  often 
noticeable  a  radiation  of  the  stringers  outward  from  the  angle  of  junc- 
tion. In  some  instances  a  breccia  has  resulted,  the  fragments  being 
cemented  by  quartz  and  themselves  altered  into  aggregates  of  quartz, 
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sericite,  and  other  secondary  products  by  the  action  of  the  vein  sola- 
tions.  A  dose  study  of  aU  exposures  of  such  conjugations  of  the 
veins  of  the  two  groups  failed  to  show  any  evidence  of  different  age. 
The  filling  of  both  sets  of  veins  is  continuous,  as  it  would  be  in  syn* 
chronously  filled  branches  of  a  single  fissure,  or  is  separated  l^  a 
clay  gouge  due  to  subsequent  movement.  As  far  as  is  known,  there 
is  no  continuation  of  the  lodes  of  the  second  group  north  of  the  Silver 
Lake  lode.  A  single  small  vein  (the  Jim  Owen),  shown  in  fig.  2, 
has  been  prospected  for  a  short  distance  northward  from  the  Silver 
Lake  lode,  but  it  is  very  improbable  that  this  represents  the  continua- 
tion of  any  of  the  productive  lodes  south  of  the  latter.  If  the  Silver 
Lake  lode  were,  as  is  supposed  by  the  miners,  younger  than  the  lodes 
of  the  second  group,  the  absence  of  the  latter  on  the  northern  side  of 
the  intersecting  lode  could  be  accounted  for  only  on  the  assumption 
that  the  Silver  Lake  fissure  is  a  fault  of  at  least  2,500  feet  throw. 
The  entire  evidence  of  the  region,  however,  as  is  elsewhere  shown, 
indicates  that  the  fissures  now  occupied  by  productive  ore  bodies 
were  not  formed  by  large  faults,  but  on  the  contrary  often  reveal'no 
appreciable  displacement  of  their  walls. 

The  relation  of  the  lodes  of  the  second  group  to  the  great  TitnsviUe 
lode  on  the  south  are  not  so  well  known  as  in  the  case  of  the  Silver 
Lake  lode  on  the  north.  The  lodes  in  this  portion  of  the  basin  are 
imperfectly  exposed  and  have  received  very  little  undergronnd 
exploration. 

The  ore  bodies  of  the  lodes  of  Group  II  have  not  been  worked  in 
such  a  manner  as  to  give  any  very  definite  data  as  to  their  dimensions 
and  shapes.  In  nearly  every  slope  considerable  masses  remain  which 
are  regaixied  as  pay  ore.  The  pay  shoots  are  supposed  to  pitch  north- 
ward, but  it  is  by  no  means  certain  that  there  is  any  regularity  in 
their  pitch. 

In  addition  to  the  main  lodes  a  great  number  of  smaller  fissures 
traverse  the  country  rock,  particularly  west  of  the  lake.  The  strike 
of  those  minor  veins  ranges  fiom  20'^  to  40°  west  of  north.  They  are 
nearly  vertical,  but  one  group  of  them  sometimes  exhibits  a  st^^ep 
northeasterly  dip,  while  another  group  dips  southwesterly.  The  latter 
case  appears  to  be  more  common.  They  are  often  so  closely  spaced, 
a  few  feet  apart,  as  to  produce  a  conspicuous  sheeting  of  the  country 
rock.  This  spacing  does  not  exhibit  any  regularity  or  reco^izable 
rhythm  in  its  oecurrenee.  Many  of  these  fissures  are  ore  bearing, 
and  it  is  not  uncommon  to  see  on  a  clean  exposure  of  rock  a  stringer, 
an  inch  or  so  wide,  consisting  <if  quartz  next  the  walls  and  solid  galena 
in  the  medial  portion.  Such  mineralized  stringers  can  be  seen  to 
branch  or  to  wedg<^  out  (*omi)letely  in  the  rock  and  be  succeeded  by 
an  overlapping  stringer  a  short  distance  to  one  side.  On  a  small 
scale  they  repeat  the  phenomena  to  be  observed  underground  in  the 
Invgi^r  veins  of  the  second  group.  They  are  believed  to  belong  to  the 
same  system  and  to  \\a\e  \)^^\\  loxm^vV  w\  the  same  time  as  the  latter. 
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Although  the  lodes  of  the  Silver  Lake  Basin  have  been  classified  in 
two  groups,  it  should  be  borne  in  mind  that  the  distinctions  upon 
which  the  grouping  is  based  are  quantitative  rather  than  qualitative. 
The  difference  in  direction,  sufficiently  marked  and  definite  on  the 
west  side  of  the  lake,  becomes  less  so  on  the  east  side,  where  the  Silver 
Lake  lode  appears  to  begin  splitting  up  into  its  ultimate  ramifications. 
Moreover,  as  will  appear  when  the  separate  mines  are  described,  the 
general  difference  in  the  ores  of  the  two  groups  is  a  difference  in  value 
rather  than  in  mineralogical  tyi)e,  and  is  neither  constant  nor  without 
exceptions. 

It  is  fairly  certain  that  the  original  formation  of  the  fissures  of  Sil- 
ver Lake  Basin  was  unaccompanied  by  any  considerable  faulting.  A 
careful  study  of  all  the  available  underground  workings  and  of  the 
surface  geology  and  topography  of  the  basin  has  failed  to  reveal  the 
existence  of  any  extensive  tangential  movement  (faulting)  along  the 
vein  fissures.  Moreover,  if  the  mutual  relationship  of  the  lodes  has 
been  correctly  interpreted,  it  would  seem  that  the  conception,  very  com- 
monly held,  that  vein-filled  fissures  are  produced  essentially  by  fault- 
ing involving  considerable  tangential  movement,  and  usually  by  thrust 
faults,  is  inapplicable  as  an  explanation  in  the  present  case.  The 
more  general  aspects  of  this  subject  are  discussed  under  the  head  of 
''The  lode  fissures,"  on  pages  43-63. 

Silver  Lake  mine. — This,  the  most  extensively  developed  mine 
within  the  quadrangle,  is  situated  at  an  altitude  of  about  12,300  feet, 
with  its  principal  adit  near  the  western  edge  of  Silver  Lake.  As  is 
frequently  the  case,  it  includes  a  number  of  individual  claims,  some 
of  which,  such  as  the  WhaLe,  were  separately  worked  in  former  days 
and  produced  considerable  ore.  Prior  to  1881,  the  Whale,  Silver  Lake, 
Round  Mountain,  and  other  claims  now  embraced  in  the  Silver  Lake 
mine  had  attracted  but  slight  attention.  In  1882  a  little  ore  was  pro- 
duced, which  is  said  to  have  carried  50  ounces  of  silver  and  60  per 
cent  of  lead.  In  1883,  72  tons  of  ore,  containing  28  ounces  of  silver  per 
ton  and  oo  per  cent  of  lead,  were  shipped  to  Sweet's  Sampling  Works  in 
Silvertoii,  and  the  Silver  Lake  claim,  with  its  55  feet  of  drifting,  was 
regarded  as  a  promising  prospect.  Since  then  its  development  has 
progressed  witli  rapid  strides.  In  1891  the  mine  was  credited  in  the 
Mint  reports  with  a  product  of  $254,908. 

At  least  six  distinct  lodes  have  been  worked,  and  the  vertical  dis- 
tance from  the  uppermost  to  the  lowermost  stopes  is  somewhat  over 
1,000  feet.  The  main  adit  is  a  crosscut  for  about  250  feet.  It  then 
follows  the  Silver  Lake  lode  northwesterly  for  about  1,000  feet. 
Thence  a  crosscut  to  the  southwest,  some  900  feet  in  length,  gives 
access  lo  llie  various  lodes  of  the  second  group,  viz,  the  L.  A.  S., 
E.  (t.  8.,  Royal,  Stelzner,  and  New  York  City  lodes.  A  northwesterly 
drift  along  the  New  York  City  lode  for  about  1,250  feet  again  comes 
into  the  Silver  Lake  lode,  and  from  this  junction  a  d\\lV  <5l  v^Jc^wnX.  ^s^^ 
feet  runs  out  to  the  surface  in  Whale  Basvn,  o\\  XXv^  >«<5i^V  '^v^^  ^"^ 
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Round  Mountain.  In  addition,  the  Unity  tunnel,  run  in  from  the 
Bouthwest  side  of  Arrastra  Gulch,  cuts  the  Silver  Lake  and  New  York 
City  lodes  700  feet  below  the  present  main  adit  level  (No.  1).  Still  a 
third  tunnel  is  being  run  in  a  southeasterly  direction  from  a  point 
near  the  Animas  River,  at  the  mouth  of  Blair  Gulch,  which  will,  if 
carried  through,  ultimately  tap  the  Silver  Lake  lodes  at  the  lowest 
practicable  point,  over  2,500  feet  below  the  No.  1  level. 

There  are  no  abandoned  workings,  and  the  character  and  relation- 
ships of  the  lodes  may  be  studied  under  more  than  usually  advan- 
tageous circumstances. 

The  Silver  Lake  lode  as  expose<l  in  the  mine  has  a  general  strike 
of  N.  53°  W.  Its  dip  is  to  the  northeast  and  varies  from  50**  to  70**— 
the  flatter  dip  being  more  common  in  the  upjKjr  workings.  The  aver- 
age dip  is  probably  a  little  over  60°.  Its  croppings  are  conspicuous 
as  a  rust-colored  zone  of  oxidation  running  up  the  declivity  west  of 
the  lake  and  passing  through  the  col  just  south  of  Round  Mountain. 
At  this  point  they  have  an  apparent  width  of  about  40  feet  of  stained 
and  cellular  quartz  carrying  galena,  as  well  as  the  carbonate  and 
sulphate  of  lead.  Northwestward  from  this  saddle  the  lode,  different 
portions  of  which  are  known  as  the  Round  Mountain,  Lowville,  and 
Nevada  lodes,  crosses  Whale  Basin  just  above  the  cliffs  of  Arrastra 
Gulch,  and  passes  through  another  saddle  into  the  head  of  Blair 
Gulch.  In  its  productive  portions  the  Silver  Lake  lode  is  from  6  to  20 
feet  in  width.  Elsewhere  it  may  be  represented  by  a  strong  clay 
seam  or  ^ouge,  or  less  coinmoiily  a  small  tight  vein.  The  filling  of 
the  fissure  is  quartz,  earr}- inj<  variable  amounts  of  galena,  sphalerite, 
chaleopyrit^,  and  pyrite.  No  regular  arrangement  of  the  ore  minerals 
witliin  the  quartz  could  be  detected.  They  occur  in  irregular  bunches 
in  all  portions  of  the  vein,  and  appear  to  be  the  result  of  a  single 
uninterrupted  process  of  deposition.  The  ore  bodies,  also,  although 
often  of  considerable  size,  are  without  any  known  regularity  in  their 
distribution  tlirough  the  lode.  The  lK»st  ore  is  usually  found  in  the 
more  solid  i)ortions  of  the  lode,  a  soft  lode  with  abundant  gouge  l)ein^ 
regarded  as  less  favorable.  Tin*  ore  is  nearly  always  separate^l  from 
the  walls  by  more  or  less  goug(».  A  sheeting  of  the  walls  parallel 
with  the  nuiin  fissure  is  not  infrequent,  and  whei*e  it  ()eeui*s  careful 
prosp(*cting  is  necessary  to  avoid  overlooking  considerable  niausses  of 
ore  which  may  be  lying  behind  what  appears  at  the  time  to  be  the 
outer  wall  of  the  lode*.  On  levels  1  and  A  the  most  productive  i>or- 
tion  of  the  Silv(*r  Lake  lode  is  divi<led  into  two  branches  by  a  lanf** 
horse  of  country  rock  traverscnl  by  string(M*s  of  quartz. 

In  the  levels  above  No.  1,  i)arlicularly  in  levid  4,  the  Silver  Lake 

vein  is  frequently  a  soft  yellowish  mass  of  more  or  less  broken  quartss, 

decomposed  country  rock,  clay,  cerussite,  an<l  other  products  of  alter- 

Htion.     I'his  portion  of  \\u^  lode  thus  shows  considerable  oxidation, 

p^n-t  icularly  where  tUove  \s  i^v*\v\v:^\\e^s  \\\  Ww-  Un\\\v\f  clay  seams  and 

crnshiiig  of  the  quartz,  oi  mov^iwwV  s\\wv^  \\\v-  Ovv^ v^^^wX^x^,  knI  ssas^^te. 
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Aiiglesite  and  cerussiU^  were  found  associated  with  the  galena  in 
these  upper  Levels,  but  never  formed  a  very  large  proportion  of  the 
ore,  of  which  the  important  bodies,  even  in  these  upper  workings, 
were  chiefly  galena. 

Movements  within  the  Silver  Lake  lode  subsequent  to  the  deposi- 
tion of  the  ore  may  be  conveniently  divided  into  four  classes,  (1) 
faults  cutting  the  lode  obliquely  and  at  a  considerable  angle  with  the 
horizontal;  (2)  strike  faults  essentially  parallel  with  tlie  lode;  (3) 
strike  faults  making  a  considerable  angle  with  the  plane  of  the  lode, 
and  (4)  irregular  fracturing.     Those  of  class  1  will  first  be  described. 

(1)  A  close  inspection  of  the  southwest  or  foot  wall  of  the  Silver  Lake 
vein  shows  that  it  is  cut  at  frequent  although  irregular  intervals  by  fis- 
sures, usually  of  small  width.  It  is  seldom  possible  in  such  cases  to 
determine  accurately  the  general  course  of  these  fissures.  Fissures  are 
never  geometrical  planes,  and  an  observation  made  on  a  fissure  exposed 
in  the  walls  of  a  drift  may  give  figures  differing  very  much  from  the 
general  or  average  course  of  the  dislocation.  The  observed  coui'ses  of 
these  fissures  give  directions  varying  from  north  and  south  to  X.  55 '  W. 
In  general,  they  ap[K*ar  to  form  a  system  essentially  parallel  with  the 
productive  lodes  of  Group  II,  such  as  the  New  York  City  and  Royal. 
Their  dip  is  usually  to  the  southwest  at  a  high  angle  (over  70°),  ])at 
there  are  a  few  notable  exceptions.  The  fissures  vary  from  narrow 
cracks  up  to  openings  a  foot  wide.  In  a  fevv  cases  they  are  filled  with 
soli<l  quartz,  cairying  a  little  ore.  These  last  are  not  known  to  cut 
the  Silv(»r  Lake  lode.  They  are  probably  of  the  same  age  as  the  lat- 
ter an<l  are  comparable,  in  all  respects  save  size,  with  such  veins  as 
the  K.  G.  S.  and  L.  A.  S.  of  Group  II.  Most  of  these  fissures,  how- 
ever, are  filled  with  a  clay  seam  or  gouge  of  varying  thickness,  some- 
times containing  broken  vein  quartz.  These  fissures  cut  through  the 
Silver  liake  lode  and  are  therefore  younger.  They  record  disturbance 
subsequent  to  itsformation.  They  have  not  influenced  the  productive- 
ness of  the  latter  to  any  known  extent,  but  are  well  known  and  care- 
fully watched  by  the  miners  on  account  of  their  misleading  tendency. 
Experience  has  shown  that  a  miner,  on  running  upon  one  of  these  cross 
seams,  is  very  likely  to  follow  it  into  the  hanging  wall,  leaving, 
unknowingly,  the  main  lode  on  his  left.  The  presence  of  broken 
(luart/  mixed  with  the  gimge  of  these  seams  shows  that  in  some  cases 
Hh'V  record  fresh  movement  along  preexisting  fissures  which  had 
becoiiR'  filled  with  ([uartz.  The  actual  result  of  movement  along  these 
post -mineral  fra<*tur(»s  is  present  as  gouge,  but  the  net  displacement 
seems  to  have  Ixmmi  always  small.  It  is  usually  impossible  to  detect  any 
actual  faulting  of  the  main  lode  where  crossed  by  these  later  fissures. 

On  Level  A,  southeast  drift,  a  set  of  fissures  occurs  which,  while 
a[)i)anMitly  belonging  to  this  system,  are  of  unusually  flat  dip,  in  one 
case  as  low  as  20°.  The  direction  of  dip  is  easterly.  The  vein  itself 
is  very  irr(»gular  southeast  of  the  first  of  these  faults  and  iti  elvvv-W^  ^ 
breccia  of  country  rock  cemented  by  quaYVi.  awOL\o>N-^^«v^^  <^^^.    XV \^ 
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such  au  irregularity  as  might  be  expected  near  Die  lower  edge  of  th© 
large  horse  which  divides  the  lode  on  this  lev«?l  and  the  ono  abcive, 

(2)  Strike  faults,  essentially  parallel  with  tin*  lode,  are  moi-*^  e4>o- 
spicnous  in  the  case  of  the  Silver  Lake  than  in  t ht!  other  lodes  of  the 
mine.  They  are  indicated  by  gouges,  often  of  considerable  thiekm^i^is, 
on  foot  or  hanging-wall,  and  by  sheeting  of  the  (Country  n»ek  when 
accompanied  by  soft  gouge.  Their  effect  upon  the  hide  in  well  sf-<*n 
near  the  northwest  end  of  level  2,  where  there  is  a  pronoimoed J^rike 
fault  on  the  hanging- wall  side  of  the  vein  associated  witli  i^prazi- 
mately  parallel  slips  within  the  country  rock  of  the  hangii^  ivalL 
The  lode  here  is  crushed  and  contains  much  clayey  sbrouge,  Thc^  ehar^^ 
acter  and  amount  of  the  movement  could  not  be  dotermined  in  any 
case.  It  is  believed,  however,  to  have  been  in  the  main  oscillatory, 
with  but  little  net  displacement.  Had  it  been  otherwi^**  it  would 
very  difficult  to  account  for  the  present  relation  of  the  Sih-er 
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Pro.  11.— Sketch  section  a^;ro88  the  Silver  Lake  lode  between  levels  1  and  2,  showinip  probable 
faulting  of  the  lode  by  a  flat  strike  fault. 

lode  to  the  lodes  of  Group  II  and  for  the  absence  of  gouge  or  other  evi- 
dence of  recent  movement  in  certain  portions  of  the  former  lode. 

(3)  Strike  faults  making  a  considerable  angle  with  the  plane  of  the 
lode  are  not  common  on  the  Silver  Lake  lode.  The  best  example  of 
this  form  of  dislocation  was  noted  in  a  larjjre  stope  between  levels  1 
and  2.  The  fault  here  is  nearly  horizontal  and  cuts  both  branches  of 
the  Silver  Lake  lode  near  the  apex  of  the  horse  which  diyides  them. 
The  dislocation  is  a  thrust  fault  with  about  12  feet  throw.  The 
character  of  the  fault  and  its  result  upon  the  ore  bod}"  are  shown  by  the 
accompanying  sketch  section  across  the  stope  (fig.  11).  This  fault 
appears  to  die  out  within  a  comxmratively  short  distance  to  the  south- 
west, as  it  was  not  noted  on  the  stopes  of  tlie  Roj^al  and  Stelzner  lodes. 

(4)  Irregular  fracturing  of  the  lode  includes  those  minor  disloca- 
tio/).s  which  it  has  not  been  found  possible  to  group  according  to  any 

prevail iiig  regularity  ol  d\YeiiX\o\\.    T\\v>\  \\\v^  ^Ueu  directly  connected 
with  the  more  regular  fvss\\Tei§>  a\\v\  v\t^  ol  'sw\v\\\VKvv'^\\?Ka^5fe. 
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The  ore  of  the  Silver  Lake  lode  is  low  grade,  carrying  very  little 
gold.  Although  it  has  been  extensively  stoped  in  the  past,  the  main 
output  of  the  mine  is  from  the  lodes  of  the  second  group. 

The  New  York  City  vein  (or  Whale-Rochester  vein)  is  the  most 
important  of  these,  from  the  extent,  regularity,  and  comparatively 
high  grade  of  its  ore  body.  Its  general  strike  is  about  N.  20°  W., 
and  its  average  dip  is  about  80°  to  the  northeast.  As  to  the  Whale- 
Rochester  vein,  its  upper  portions  were  formerly  extensively  worked 
through  an  adit  in  Whale  Basin.  In  the  Silver  Lake  mine  it  has  been 
worked  through  levels  1  and  C,  300  feet  apart,  and  by  means  of  an 
intermediate  level  halfway  between  them.  This  lode  is  generally 
smaller  than  the  Silver  Lake,  and  has  been  less  disturbed  by  post- 
mineral  movement.  The  ore  is  generally  fast,  or  frozen,  to  the  walls, 
and  is  usually  solid  and  unoxidized.  In  common  with  the  other  lodes 
of  Group  II  the  New  York  sometimes  pinches  to  a  very  narrow  and 
tight  seam.  This  is  well  illustrated  at  the  point  where  it  is  inter- 
sected by  the  crosscut  on  level  C.  It  is  here  a  stringer  less  than 
an  inch  in  width,  showing  little  indication  of  being  part  of  a  great 
productive  vein.  The  chief  value  of  the  New  York  City  vein  has 
been  found  to  lie  northwest  of  the  points  where  it  is  pierced  by  the 
crosscuts  on  levels  1  and  C.  In  this  direction  it  is  stoped  practi- 
cally continuously  up  to  the  Silver  Lake  lode.  A  typical  section  of 
the  lode  from  the  stope  above  level  1  is  shown  in  fig.  3,  page  67.  As 
it  approaches  the  Silver  Lake  lode  it  becomes  smaller  and  more  irregu- 
lar, and  bends  westward.  It  is  also  somewhat  oxidized  and  stained. 
At  the  junction  it  passes  into  the  Silver  Lake  with  no  other  lines  of 
separation  than  those  due  to  later  movement,  and  is  usually  defined 
by  seams  of  gouge.  From  the  point  of  junction  westward  the  ore  of 
tlie  Silver  Lake  vein  contains  more  chalcopyrite  than  is  usual  else- 
where, and  thus  resembles  somewhat  the  ore  of  the  New  York  City 
vein.  The  productive  portion  of  the  New  York  City  vein  is  cut  by  a 
fault  about  750  feet  south  of  its  junction  with  the  Silver  Lake  vein. 
The  strike  of  this  fault  is  apparently  about  N.  73°  E.,  and  it  hades 
northerly  about  15°.  It  has  thrown  the  northern  portion  of  the  lode 
from  12  to  15  feet  to  the  west.  This  fault  was  best  seen  in  the  stope 
above  the  midway  level.  Here  the  vein  is  cut  off  abruptly  by  a 
breccia  zone  about  6  feet  wide  which  crosses  the  stope.  The  breccia 
is  composed  of  sharply  angular  fragments  of  country  rock  cemented 
by  quartz,  which  carries  a  little  ore,  but  is  of  too  low  grade  to  pay. 
Within  the  br(H*cia  zone  are  two  or  three  fairly  regular  quartz  string- 
ers. This  occurrence  is  of  special  interest  as  showing  that  the  depo- 
sition of  quartz  and  ore  was  not  confined  to  the  period  within  which 
the  important  lodes  were  filled,  but  also  took  place  at  a  later  time. 
On  the  other  hand,  it  seems  very  probable  that  this  fault  is  older 
than  the  faults  usually  filled  with  soft,  moist  gouge,  which  have  been 
described  in  connection  with  the  Silver  Lake  vein.      SoiitAv  o^l  ^Jssfe 
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crosscuts  the  New  York  City  lode  has  proved  of  little  value.  This 
portion  of  it  has  obviously  been  subjected  to  strong  disturbance  con- 
nected with  a  pronounced  zone  of  post-mineral  faulting.  This  fault 
appears  to  have  a  general  north-and-south  strike,  and  hades  to  the 
east  about  20°.  Where  it  is  cut  by  the  crosscut  on  level  1,  about 
140  feet  east  of  the  New  York  vein,  it  shows  a  zone  of  broken  and 
disturbed  country  rock  about  12  feet  wide,  with  a  strong  gouge  on 
the  hanging  wall.  This  zone  of  disturbance  appears  to  intersect  the 
New  York  City  lode  about  200  feet  south  of  the  crosscut.  The  lode 
and  the  adjacent  country  rock  have  been  broken  up,  and  the  value 
of  the  former  has  been  destroyed.  The  country'  rock  is  traversed  by 
seams  of  soft,  moist  gouge,  in  general  parallel  with  the  line  of  the 
fault,  but  often  showing  considerable  irregularity.  Small  bunches 
and  stringers  of  ore  are  found,  but  they  are  not  continuous.  On 
level  C  what  is  supposed  to  be  the  same  fault  crosses  the  crosscut 
about  330  feet  east  of  the  New  York  lode.  It  is  hei'e  less  than  6  feet 
wide,  and  is  composed  of  broken,  decomposed  country  rock  and  wet 
clay  gouge.  As  on  level  I,  the  New  York  lode  has  so  far  proved 
worthless  south  of  the  crosscut.  The  New  York  lode,  probably 
originally  somewhat  irregular  south  of  the  crosscut,  has  been  dis- 
located by  a  fault  cutting  it  at  a  small  angle  and  thus  producing 
somewhat  the  effect  of  a  strike  fault  parallel  A^itli  the  vein.  The 
direction  and  amount  of  movcnioiit  along  this  fault  are  not  known. 
Some  light  may  bo  thrown  on  it  wlien  the  Silver  Lake  lode,  which  it 
should  cut,  is  more  thoi-oughly  opencMl  u[).  If  any  undisturbed  ore 
bodies  exist  in  the  southern  part  of  the  New  York  lode  they  probably 
lie  east  of  llu*  present  south  drift  on  level  1. 

In  the  autumn  of  ISDD  the  crosscut  driven  to  cut  the  New  York  lode 
from  the  Unity  tunnel,  400  feet  Ir^Iow  level  C',  had  overshot  its  objec- 
tive, and  upon  searching  back  the  New  York  was  found  at  the  begin- 
ning of  the  crosscut  neai*  the  Silver  Lake  lode.  This  was  oi)ened  by 
a  short  drift  aud  found  to  carry  a  body  of  excellent  ore  similar  to 
that  of  the  upper  h'vels. 

The  on*  of  the  New  York  City  lode  consists  of  galena,  splialerite, 
chalcopyrite,  and  ])yrite  in  a  ([uartz  gaiigue.  Some  of  the  ricliest  ore 
occurs  in  a  rather  friabh*  stringer  near  the  foot  wall,  which  contains 
black  oxide  of  copper  (nielaconite),  with  considerable  chalcopyrite  and 
pyrite.  This  may  carry  several  ounces  in  gold,  although  free  gohl  is 
very  rarely  seen.  It  is  worth  noting  that  the  nielaconite  is  found  in 
the  deepest  workings,  lev(d  C,  at  least  Too  f(M*t  below  the  surface. 

I'lie  Stelzner  and  Koval  veins  resemble  in  their  general  characters 
the  New  York  Cit>'.  The  course  of  the  Stelzner  is  rather  curving  and 
irrogulai*,  hut  may  be  generalized  as  about  N.  20  W.  That  of  the 
Koyal  is  about  N.  o.V  \Y.  It  thus  nearly  bisects  the  angle  between 
the  St('l'/jU'V  and  Silver  Lake  and  illustrates  the  essentially  radial 
chnnictov  of  the  whole  gvov\Y>  ot  \ov\v.^^.    'V\\\s  lv-.\V\v\v>.  Is  still    further 
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brought  out  by  the  fact  that  the  Stelzner  aud  the  Royal  with  its  two 
branches,  called  the  right-hand  and  left-hand  Royals,  are,  in  the  lower 
levels,  all  ramifications  of  a  single  vein,  which  in  turn  is  a  branch  of 
the  Silver  Lake  lode.  Both  the  Royal  and  the  Stelzner  veins  dip  to 
the  northeast.  The  Royal  is  very  nearly  vertical,  while  the  Stelzner 
has  an  average  dip  of  75°  to  80°.  Consequently  the  line  in  which  the 
two  lodes  join  pitches  southeastward.  On  the  other  hand,  the  much 
flatter  dip  of  the  Silver  Lake  lode  causes  the  lines  of  junction  between 
it  and  the  veins  of  Group  II  to  pit<;h  to  the  northwest.  As  a  result  of 
these  conditions  the  Stelzner  and  Royal  join  the  Silver  Lake  on  level  4 
as  separate  veins.  On  level  3  the  Stelzner,  Royal,  and  Silver  Lake 
lodes  all  come  together  at  about  the  same  point.  On  level  1,  however, 
the  two  veins  unit^  about  200  feet  before  they  join  the  Silver  Lake  lode 
as  a  single  vein.  The  junction  of  the  Royal-Stelzner  vein  with  the 
Silver  Lake  is  similar  to  that  described  in  the  case  of  the  New  York 
lode.  On  level  2,  at  the  point  where  the  two  veins  come  together,  no 
clay  seam  could  be  seen  separating  them,  although  a  little  farther 
northwest  the  Silver  Lake  lode  shows  well-marked  seams  of  soft,  wet 
gouge  on  foot  and  hanging  walls.  At  the  junction  there  is  much 
breceiated  country  rock,  cemented  by  quartz  which  is  full  of  small 
vugs. 

On  level  B,  north  drift,  the  combined  Royal-Stelzner  vein  has  been 
sto[)ed  for  about  400  feet,  to  a  point  where  the  lode  diminishes  to  a  small 
stringer.  A  short  crosscut  to  the  west,  however,  discovered  the  con- 
tinuation of  the  lode.  There  is  apparently  no  fault  at  this  point. 
The  lode  has  merely  pinched  out  and  is  succeeded  by  a  slightly  over- 
lapping parallel  fissure  in  the  manner  already  described. 

The  productive  portions  of  the  Stelzner  vein  are  sometimes  10  or  12 
feet  in  width.  The  Royal  is  usually  somewhat  narrower.  The  ore  in 
both  veins  is  usually  solid  and  not  accompanied  by  any  considerable 
uouge.  Post-mineral  movement  along  the  fissures  is  not,  however, 
wholly  lacking,  and  is  best  seen  where  the  veins  pinch  to  very  narrow 
(liinensious.  As  usual,  in  this  mine  the  country  rock  near  the  veins 
lias  nut  undergone  any  alteration  which  can  be  recognized  by  the  eye 
as  evident  and  characteristic.  The  ore  of  the  Stelzner  and  Royal 
voins  consists  of  abundant  galena,  with  sphalerite,  chalcopyrite,  and 
pyrite  in  a  gangue  of  quartz.  A  little  dolomite  occurs  in  the  vein, 
usually  associated  with  included  fragments  of  country  rock.  The 
quartz  also  shows  greenish  patches  of  chlorite,  which  are  I'egarded  as 
an  indication  of  good  ore.  Chalcopyrite  is  less  abundant  than  in  the 
Xe\N  York  vein.  The  ore  may  carry  2  or  3  ounces  of  gold  and  is  of 
liii^dier  grade  than  that  of  the  Silver  Lake  lode,  although  somewhat 
inferior  as  a  whole  to  the  ore  of  the  New  York  vein. 

The  E.  (t.  S.  is  a  small  vein  approximately  parallel  with  the  Royal 
and  lying  about  60  feet  to  the  northeast  of  it.  In  its  general  charac- 
ter it  resembles  the  Stelzner  and  Royal,  but  is  small^iv.    1^ \n5cc?w^nSss^ 
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with  the  Silver  Lake  can  bo  seen  on  level  2.  At  the  junction  the 
quartz  of  the  two  lodes  is  jsieparatetl  bj  a  iiaii*ow  seam  of  gouge. 
Together  they  constitute  a  solid  vein  of  low-grade  ore  about  10  feet 
wide-  The  E.  G.  S.  has  eou twined  some  of  the  richest  pockets  of  ore 
encountered  in  the  mine,  but  its  value  falls  off,  like  the  other  veins  of 
Group  II,  as  it  approaches  the  Silver  Lake.  The  L,  A.  S.  is  another  simi- 
lar small  vein,  whicli  was  not  worth  working  until  level  B  was  reach e<l. 
It  iUustnite^  the  fact,  thus  far  exemplified  in  this  mine,  that  the  small 
veins  of  Group  II  may  prove  more  valuable  and  have  Ioniser  on* 
bodies  as  they  are  worked  downward  and  as  their  junetious  with  the 
Silver  Lake  ai'e  carried  farther  and  farther  to  the  northeast  on  account 
©f  the  relatively  flat  dip  of  the  latter  lode. 

The  Silver  Lake  mine  is  worked  by  overhand  stoping,the  ore  being 
broken  down  onto  canvas,  and  the  stopeii  are  filled  with  waste  as  the 
iwork  is  carried  up,  Siemens  and  Halske  electric  drills  are  used  in  most 
of  the  slopes.  The}"  are  portable  and  convenient,  but  somewhat  too 
lightly  constructed  for  the  work  requimd  of  them.  The  ore  from  the 
various  levels  is  all  dumped  into  bins  at  the  central  station  on  level  1, 
that  from  the  lower  levels  being  raised  tlirough  a  vertical  shaft  by  a 
€^ge  and  an  electric  hoist.  From  the  central  station  the  ore  is  drawn 
out  in  trains  of  cars  by  mules  to  the  mill  at  the  mouth  of  the  adit. 

At  the  mill  it  is  sorted,  the  lai^er  and  heavier  pieces  of  nearly  solid 
ore  l>ein^  sent  do^ii  th»*  tramway  as  crude,  or  shipping,  ore.  The 
eqaipment  of  the  mill  is  2  Blake  crushers,  50  stamps,  4  sets  of  rolls,  10 
Wilfley  tables,  8  Hartz  jigs,  8  Woodbury  tables,  and  18  ''end-shake^ 
slime  tables.  Power  is  furnished  by  three  lOO-horsepower  boilers  and 
a  150-borsepower  engine,  and  the  mill  has  a  daily  capacity  of  about 
200  tons.  The  water  for  milling  is  pumped  from  the  lake,  into  which 
the  tailings  are  allowed  to  run  at  another  point.  A  new  mill  is  now 
in  progress  of  erection  on  the  Animas  River,  at  the  lower  terminal  of 
the  tramway. 

As  already  stated,  the  oi*e  of  the  mine  is  low  grade.  Ore  mnning 
$10  a  ton  can  be  worked,  but  even  $8  ore  is  often  run  through  the 
mill  with  the  better  grades.  About  half  the  total  value  of  the  output 
is  in  gold,  the  rest  being  in  silver,  lead,  and  copper.  Free  gold  is 
very  rarely  seen,  and  no  attempt  is  made  at  amalgamation.  The  con- 
centrates are  said  to  average  about  %45  per  ton.  The  crude  ore  and 
concentrates  are  carried  down  fi-om  the  mill  on  a  substantially 
constructed  Bleichert  tramway  to  a  large  terminal  station  near  the 
mouth  of  Arrastra  Gulch,  furnished  with  capacious  bins.  From 
these  bins  the  ore  is  loaded  directly  onto  the  railroad  cars.  A  second 
tramway  from  the  Unity  tunnel  was  completed  in  October,  1900,  and 
will  soon  handle  the  bulk  of  the  ore. 

Power  for  hoisting,  pumping,  and  lighting  the  mine  and  buildings 

is  generated  l>y  dynamos  run  by  two  Pelton  waterwheels  located  on 

the  Auinms  opposite  the  mout\\  ol  WowW^v  V^AvvkU,  the  water  for  this 
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purpose  being  taken  from  the  Animas  River  just  below  Howaixlsville. 
In  19(X)  a  substantial  plant  was  also  being  installed  at  the  same  place 
for  generating  power  by  steam. 

loica  mitie. — The  Iowa  mine  also  lies  on  the  west  side  of  Silver 
Lake  and  joins  the  Silver  Lake  property  on  the  south.  A  prospect 
in  1881,  its  growth  has,  in  a  general  way,  followed  that  of  its  larger 
neighbor.  The  principal  development  has  been  on  the  Iowa,  East 
Iowa,  Stelzner,  and  Melville  lodes.  The  last  is  probably  continuouH 
with  the  Black  Diamond-Royal  lode,  but  has  not  proved  profitable  in 
the  Iowa  mine,  as  it  has  in  the  Silver  Lake  ground.  Practically  all  of 
the  stoping  has  been  on  the  Iowa,  East  Iowa,  and  Stelzner  lodes.  The 
relation  of  these  three  lodes,  as  shown  in  fig.  2  (p.  51),  illustrates  admi- 
rably the  arrangement  of  veins  en  echelon,  as  observed  in  the  small 
ore-bearing  stringers  on  the  surface.  The  Stelzner  lode  becomes 
small  and  poor  at  its  southern  end  and  is  succeeded  on  the  west  by 
the  overlapping  East  Iowa  lode,  which  in  turn  is  similarly  succeeded 
by  the  Iowa  lode.  The  Iowa  and  East  Iowa  lodes  can  be  seen  to  die 
out  in  a  few  small  stringers  toward  the  north.  That  they  actually 
terminate  as  individual  lodes  and  do  not  open  out  again  still  farther 
northwest  is  shown  by  the  fact  that  no  lodes  corresponding  to  them 
have  been  found  in  the  two  long  crosscuts  to  the  New  York  vein  in 
the  Silver  Lake  mine.  Similarly,  any  southeasterly  extension  of  the 
Stelzner  and  East  Iowa  should  have  been  noted  in  the  crosscuts  of 
the  Iowa  workings.  A  lode  plan  such  as  is  here  descril>ed  is  not 
consistent  with  any  extensive  faulting  along  the  lines  of  the  fissures. 

The  Iowa  has  been  worked  on  four  levels,  connecting  with  the  sur- 
face by  adit  tunnels.  They  are  numbered  from  above  down.  Work 
at  present  is  confined  to  levels  3  and  4.  The  distance  between  levels 
is  not  uniform.  Thus  from  level  1  to  level  2  is  100  feet;  from  level  2 
to  level  3,  200  feet;  and  from  level  3  to  level  4,  130  feet. 

The  best  ore  in  the  mine  occurs  in  the  Stelzner  vein  and  is  identical 
with  that  already  described  in  the  Silver  Lake  workings.  It  may 
carry  2  oi*  3  ounces  of  gold.  The  ore  of  the  Iowa  and  East  Iowa  lodes 
is  a  heavy  lead  ore  carrying  little  gold,  and  resembling  the  ore  of  the 
Silver  Lake  lode  more  than  is  usual  in  the  veins  of  the  second  group. 

The  main  Io\ya  vein  varies  in  width  in  its  productive  portions  up 
to  15  fe(^t.  It  is  commonly  tetween  2  and  5  feet  wide.  It  dips  steeply 
to  the  northeast,  the  average  angle  being  near  80°.  It  is  a  generally 
simple  and  n^gular  fissure  vein,  with  well-defined  walls.  At  its  best 
it  consists  of  nearlj^  solid  galena,  with  some  quartz,  chalcopyrite, 
sphalerite,  pyrite,  and  chlorite.  Comb  structure  is  occasionally 
shown  in  the  quartzose  portions  of  the  vein,  and  irregular  vugs  occur 
lined  with  crystals  of  quartz  and  galena.  The  galena  sometimes 
occurs  chiefly  in  the  middle  portion  of  the  vein,  as  if  it  were  of  later 
crystallization  than  the  quartz.  In  many  cases,  however,  it  is  scat-, 
tered  through  the  vein  in  bunches  without  any  apparent  regularity. 
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The  vein  filling  iii  solid  and  shows  very  little  traee  of  nioiremeor.  so 
sequent  to  the  deposition  of  the  ore.  It  generally  lies  close  a^ta: 
tho  walls  of  the  fissure,  with  little  or  no  ^onge.  As  In  the  Silver  Lai 
tTiiue,  the  wall  n>ek  does  not,  rs  a  rule,  exhibit  aoy  very  marked  altera 
ticm  close  to  the  vt?in.  The  iiiieruscope  shown,  however,  iii  the  roc 
alongside  the  vtnn  a  thomiigh  recrystallimtion  of  the  arig^iDal  roc 
constituents  into  aggregates  of  quartz  and  serieite,  with  some  caleii 
and  specks  of  py rite.  A  specimen  10  inches  from  the  V€:>in  shoi^ 
similar  alterations,  but  with  more  calcita  and  abundant  chlont-e.  Th 
same  general  character  of  altt^ration  m  found  2  feet  from  the  vein.  A 
50  feet  from  therein  quartz,  chlorite^  and  ealeite  make  up  mostc 
the  roek,  in  which  traces  of  the  original  structure  remain ^  and  th 
sericite  is  confined  chiefly  t«  the  alt^ered  feldspar  phenoeryst^. 

The  St€kner  lode  presents  the  same  character isties  in  the  Iowa  m in 
aa  ill  the  Silver  Lake.  It  is  a  nearly  solid,  simple  vein,  showings 
much  t\8  8  feet  of  excellent  ore  in  the  slopes,  There  is  usually  u 
gouge  betw€*en  the  vein  filling  and  the  walls. 

The  East  Iowa  vein  has  not  prove^l  of  very  great  importance.  1 
haji  l«*en  stopeil  for  a  distance  of  over  100  feet,  but  presents  no  feature 
of  special  interest. 

The  Melville  lode  is  chiefly  notable  from  the  fact  that  in  its  .soutb 
eru  iiurtiiin  it  dips  to  the  southwest  at  from  70^  to  75^.  It  carrie 
galena,  sjjhalerite,  chalcopyrite,  and  pyrite  in  a  gangue  of  quarti 
with  a  little  Imrite.  It  varies  in  width,  Iwing  in  some  places  as  muci 
as  4  ft^et  wide.  The  ore  is  too  poor  to  work.  Northwarci  this  veij 
becomes  iri-egular  and  in  places  is  a  nearly  vertical  fissure  eontainiuj 
aome  gtnigej  but  no  quartK.  It  finally  dies  out  in  a  few  barren  string 
ers.  Although  in  general  line  with  the  Black  Diamond-Royal  lode,  i 
is  by  no  means  certain  that  it  occupies  the  same  fissure.  The  lo^ 
grade  of  its  ore  and  its  westerly  dip^  contrasted  with  the  good  ore  au« 
steep  easterly  tlip  of  the  Royal,  seem  rather  to  indicate  that  it  is  ai 
overlapping  Assure,  bearing  a  similar  relation  to  the  Royal  that  tlii 
East  Iowa  does  to  the  Stelzner. 

Regular  parallel  Assuring  of  the  country  rock,  the  fissures  lieinj 
usually  filleil  by  stringers  of  quartz  and  ore,  is  even  more  conspieuoa 
in  the  Iowa  than  in  the  Silver  Lake  mine.  As  in  the  latter  mine 
these  fissures  are  apparently  minor  results  of  the  same  forces  tha 
produced  the  productive  veins  of  Group  II,  seeming,  in  fact,  to  belong 
to  that  group.  In  the  Iowa  these  fissui-es  usually  dip  very  steeply  ti 
the  southwest. 

Generally  the  lodes  in  the  Iowa  ai'e  very  regular  in  their  ppoductiv 
portions,  having  comparatively  few  horses.  The  ore  is  cooline< 
within  the  fissure  walls.  The  distuibauce  and  movement  which  ha 
taken  place  since  the  veins  were  formed  is  scarcely  appreeiabU 
Tetrahe<lrite  is  reported  as  occurring  in  the  Iowa  workings,  but  nou 
was  seen  at  the  time  of  visit. 
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The  Iowa  ore  is  carried  on  a  Bleichert  tramway,  built  in  1897,  down 
to  a  mill  situated  in  Arrastra  Gulch,  about  a  mile  from  its  mouth.  In 
1899  an  additional  tramway  was  built  from  the  mill  to  the  railroad, 
on  the  Animas  River.  As  a  whole  the  ore  is  of  low  grade,  averaging 
from  $10  to  $14  a  ton,  and  carrying  a  lai'ge  proportion  of  lead.  The 
mill  is  equipped  with  1  9  by  15  Blake  crusher,  2  sets  14  by  27  I'olls,  7 
3-compartment  jigs,  2  5-foot  Huntingtons,  1  5-foot  Chilian  mill,  and 
5  Wilfley  and  8  Oammett  tables.  The  power  is  steam,  and  the  daily 
capacity  of  the  mill  is  given  as  from  175  to  200  tons  of  crude  ore. 

Royal  Tiger  mine. — This  property,  which  is  in  the  early  stages  of 
development,  is  on  the  east  side  of  Silver  Lake,  and  is  supposed  to  be 
on  the  continuation  of  the  Silver  Lake  lode.  This,  indeed,  seems 
probable,  although  it  is  by  no  means  certain,  as  fchere  are  too  many 
nearly  parallel  veins  in  this  vicinity  to  permit  oflfhand  correlation 
across  the  \vidth  of  the  lake.  The  Tiger  lode,  moreover,  presents 
several  character  foreign  to  the  Silver  Lake  lode  as  exploited  on  the 
west  side  of  the  lake,  and  may  fill  an  overlapping  fissure  nearly  in  line 
with  the  latter.  The  main  adit  is  a  cros.scut  at  an  elevation  of  135 
feet  above  the  lake,  and  the  levels  are  numbered  from  this  upward. 
A  little  stoping  has  been  done  on  level  4,  but  the  bulk  of  the  work 
has  been  on  levels  2  and  3. 

The  lode  dips  steeply  northeast,  the  average  being  nearly  80°. 
Locally,  however,  it  may  sometimes  have  a  steep  southwesterly  dip, 
as  on  level  2,  about  400  feet  from  the  entrance  of  the  tunnel.  The 
wiilth  of  the  lode  varies  up  to  about  10  feet.  It  is  usually  fairly 
regular,  but  sometimes  pinches  for  considerable  distances,  showing 
crushed  rock  accompanied  by  gouge,  but  very  little  ore.  Near  the 
entrance  to  level  2  the  lode  is  divided  by  a  horse  30  or  40  feet  in  width. 
Both  branches  of  the  lode  come  together  in  the  stope  above  this  level, 
where  the  lode  shows  about  19  feet  of  low-grade  milling  ore.  It  here 
takes  on  the  character  of  a  stringer  lead,  consisting  of  a  network  of 
stringers  with  much  shattered  country  rock.  The  lode  in  this  stope 
shows  no  gouge  and  no  regular  walls,  the  stringers  running  out  irregu- 
larly^ into  the  country  rock.  Some  of  the  ore-bearing  stringers  were 
faulted  by  later  stringers  of  barren  quartz.  Small  vugs,  lined  with 
quartz  crystals,  are  frequent.  The  Tiger  lode  is  frequently  free  from 
gouge  and  often  without  well-defined  walls.  In  such  cases  the  coun- 
try rock  near  the  lode  is  intersected  by  stringers  and  may  carry 
bunches  of  ore.  In  other  places  there  may  be  clay  gouge  on  foot  or 
hanging  wall,  or  both,  and  even  within  the  lode  itself.  Thus,  move- 
ment subsequent  to  deposition  of  the  ore  has  affected  some  portions 
of  the  lode,  but  not  others. 

The  mine  produces  essentially  a  lead  oi*e  carrying  from  20  to  60  per 
cent  lead,  rarely  more  than  12  ounces  of  silver,  and  occasionally  a 
little  gold — up  to  half  an  ounce.  One  specimen  of  free  gold  has  been 
found.     The    gold   usually   ocx^urs  associated  with    sphalerite   and 
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chalcopyrite.  The  chief  ore  mineral  is  galena,  which  is  aGoompaiiied 
by  sphalerite  and  a  little  tetrahedrite  and  chalcopyrite.  The  tetzahe- 
drite  was  most  abundant  in  level  6,  near  the  top  of  the  ridge.  It  ooonrs 
in  the  lower  levels,  but  less  abundantly.  The  gangne  of  the  ore  is 
quartz  with  some  barite.  The  quartz  and  galena  are  crystallised 
together  irregularly  in  the  larger  stringers  and  in  the  main  lode.  A 
little  native  copper  has  been  found  on  level  3.  The  alteration  of  the 
wall  rock  adjacent  to  the  lode  is  somewhat  more  noticeable  in  the 
Tiger  than  in  the  other  mines  of  the  Silver  Lake  Basin.  A  specimen 
from  the  south  wall  of  level  3,  about  3  feet  from  the  main  ore  body, 
is  a  compact,  light  greenish-gray  rock,  showing  indistinct  traces  of 
former  porphyritic  structure.  It  is  traversed  by  numerous  veinlets. 
The  largest  of  these,  about  one-fourth  inch  wide,  carries  quarts,  galena, 
and  sphalerite.  This  veinlet  shows  comb  structure,  and  the  ore  min- 
erals tend  to  crystallize  along  the  medial  line.  Smaller  veinlets  con- 
sist of  galena  without  quartz.  The  rock  itself  is  thickly  speckled  with 
minute  cr3rstals  of  pyrite.  Under  the  microscope  the  rock  shows  the 
general  structure  of  an  andesite,  but  no  remnant  of  the  original  min- 
erals remains.  The  feldspars  are  changed  to  aggregates  of  quarts 
and  sericite,  and  the  same  minerals,  very  finely  crystalline,  seem  to 
compose  the  entire  mass  of  the  rock,  exclusive  of  the  thickly  sprinkled 
pyrite. 

In  the  breast  of  the  drift,  level  4,  the  lode,  which  is  about  4  feet 
wide,  contains  a  dark  horse-like  mass.  This  is  said  to  have  been  4 
feet  \\ido  in  phioes  and  to  carry  I  to  2  ounces  in  gold.  This  material 
shows  numerous  white  spots,  whirh  suggest  altei'ed  feldspathic  pheno- 
crysts,  lying  in  a  dark-gray  ground  mass.  Th<^  whole  is  mineralized, 
and  contains  si)eck8  of  galena,  sphalerite,  chalcopyrite,  and  finely 
crystalline  pyrite.  Under  the  microscope  fragments  showing  the 
structure  of  an  andesitic  rock  are  seen  embedded  in  a  matrix  of  quartz 
and  a  very  finely  crystalline  material,  which  is  apparently  kaolin, 
although  there  seems  to  be  some  sericite  present  also.  The  andesite 
fragments  are  altered  to  aggregati\s  of  these*  same  minerals,  but  pre- 
serve their  original  porphyritie*  structure.  The  material  is  a  much 
altered  and  mineralized  breccia,  but  whether  an  original  tuff-breccia 
or  a  briMjcia  formed  dui-ing  the  formation  of  the  fissure  it  is  impossible 
to  say.  Tli(^  lode  at  this  point  shows  indications  of  some  brecciation 
of  the  ore  and  subsequent  cementation  l)y  ])arren  white  quartz. 

The*  Royal  Tiger  mine  has  not  yet  a  separate  mill.  It  is  connected 
with  the  Iowa  mine  l)yawire  tram  across  the  lake,  and  the  ore  is  sent 
down  to  th(*  Iowa  mill.  Although  extensive  work  had  barely  begun 
in  18!»0,  in  VM)0  th<*  Hoyal  Tiger  was  producing  moi^e  ore  than  the 
Iowa. 

Buckeye  mine. — This  mine,  situated  about  one-third  of  a  mile  south 
of  the  lake,  is  on  the  Titusville  lode.  Work  on  it  was  abandoned 
some   years  ago,  but   the   old   tunnels  w(»re  being  cleaned  out  and 
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reopened  in  1899.  The  ore  is  chiefly  galena,  with  some  tetrahedrite, 
the  latter  being  more  abundant  in  the  upper  tunnel.  There  is  no 
mill  at  this  mine,  and  the  ore  was  formerly  packed  out  on  burros. 

Titnsville  mine,  at  the  head  of  Kendall  Gulch,  although  not  in  Sil- 
ver Lake  Basin,  may  be  most  appropriately  mentioned  here  as  being  on 
the  same  great  lode  as  the  Buckeye.  This  mine  was  first  worked  about 
188(J.  A  small  mill  was  subsequently  erected  in  Kendall  Gulch,  and 
the  ore  was  carried  down  on  a  lightly  constructed  Huson  tramway 
about  8,000  feet  in  length.  The  mine  ceased  operating  in  1893.  It 
was  developed  on  four  levels,  aggregating  about  1,150  feet  of  drifts. 
The  lode  is  about  30  feet  wide.  Its  general  dip  is  to  the  northeast  at 
about  80°,  although  it  is  locally  vertical.  It  consists  of  chalcopyrite, 
galena,  sphalerite,  and  pyrite,  in  a  gangue  of  quartz  and  rhodochro- 
site.  Chalcopyrite  is  the  most  abundant  ore  mineral.  The  ore  is  gen- 
erally of  low  grade,  that  containing  abundant  chalcopyrite  running 
about  $0  per  ton.  There  is  a  richer  streak,  however,  usually  about  14 
inches  wide,  which  may  run  as  high  as  $30  per  ton.  Some  of  this 
richer  ore  contains  very  finely  crystalline  galena  scattered  through 
the  quartz  in  minute  particles.  Where  this  occurs  the  ore  may  carry 
from  1  to  3  ounces  of  gold  and  60  to  100  ounces  of  silver  per  ton, 
the  value  being  associated  with  the  presence  of  the  galena.  The 
product  of  the  Titusville  mine  in  1888  was  $51,300. 

From  tliis  mine  the  lode  can  be  traced  over  the  slope  to  the  summit 
of  Kendall  ^lountain,  where  it  appears  to  divide.  It  has  been  pros- 
pected along  this  distance  on  the  Seymour,  Emma,  Pyramid,  Pompeii, 
and  Sal  Custer  claims,  and  some  ore  has  been  taken  out,  chiefly 
galena.  On  the  west  slope  of  Kendall  Mountain,  the  Idaho  prospect, 
in  Silverton  Gulch,  is  apparently  on  the  same  fissure  or  fissure  zone, 
although  it  is  here  very  different  in  character.  The  country  rock  at 
this  point  is  monzonite,  part  of  the  great  stock  of  Sultan  Mountain. 
The  vein  here  is  usually  without  gouge  and  narrow — 18  inches  or  less. 
It  dips  southwesterly  about  80°.  The  ore  is  mostly  chalcopyrite  and 
pyrite,  with  po(;kets  of  galena  in  a  quartz  gangue.  The  galena  usu- 
ally occurs  in  the  middle  of  the  vein,  with  quartz,  chalcopyrite,  and 
p\ lite  on  the  sides.  This  prospect  has  been  worked  intermittently 
foi*  twenty  years  and  has  produced  some  ore.  The  development  con- 
sists of  two  tunnels  and  some  small  stopes. 

LODES  OF  HAZELTON  MOUNTAIN. 

GeneraL — Hazelton  Mountain,  as  the  spur  separating  Blair  and 
Arrastra  gulclies  is  called,  was  the  scene  of  some  of  the  earliest  min- 
ing in  the  <iuadrangle.  In  1874  work  was  already  in  progress  on  the 
AsfxHi,  Prospector,  Susquehanna,  Mammoth,  and  other  claims,  most  of 
wliich  were  afterwards  consolidated  as  the  Aspen  mine. 

Aspen  mine. — The  workings  of  this  mine,  which  are  extensive,  are 
shown  in  plan  and  longitudinal  section  in  fig.  12.     As  early  as  1875, 
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theSnsqtti^liaiiBa  and  As|i6ii  olaimswere  being  worked  at  u  profit, 
while  in  1876  tiie  Prospector  lode  was  dereloped  by  two  sshafts,  ItKi 
and  130  feet  deep,  eoimected  by  a  drift  100  feet  loug.  TJi©  proiliiet  ^ 
of  tlie  group  up  to  1880  has  been  estimated  at  over  $2iHr>,(K>a.  In  IKBi  ■ 
the  Aspen  group,  embracing  the  Aspen,  Su^qui^hanua^  ^fHininutli, 
L^fal  Tender,  Matchless,  and  Mc€begor  cluium,  y^m  i>ne  of  t h^  br^^i 
developed  properties  in  the  district  and  had  over  5,CKK)  feet  cif  work- 
ings. During  this  year  its  operators  contracts  (i  to  f  ui  u  isb  8  w**et.  tfe  Co. , 
in  Silyerton,  with  3,000  tcms  of  ore,  which  were  eruslietUHampleii*  and 
sent  to  the  new  smelter  in  Durango.  In  18{^:i  the  Mint  rejiortH  eredit 
the  mine  with  a  product  of  •75,000,  and  in  1HI*7,  fi78,oao.  In  1 89e  t  he 
output,  according  to  the  same  authority,  was  $50,iM(i.  In  all,  11, 4i^^ 
tons  of  ore  have  been  produced  since  January  U  1884,  M 
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Fig.  12.— Plan  and  longitudinal  section  of  the  working  of  tho  Aspen  mine,  Hazelton  Mountain. 


As  the  mine  has  been  idle  for  several  years,  it  was  impracticable  in 
1899  to  make  a  satisfactory  study  of  its  underground  workings.  In 
1900,  liowever,  some  progress  had  been  made  toward  opening  or  retim- 
bering  the  Amj'  tunnel,  connecting  with  the  800-foot  level.  Access 
to  a  small  portion  of  the  lode  was  obtained  through  the  Legal  Tender 
tunnel.  The  vein  at  the  point  cut  by  the  tunnel  strikes  N.  50°  W.  and 
dips  southwest  at  about  80°.  It  is  small  at  this  place,  accompanied 
by  soft  gouge  and  disturl)ed  by  some  cross  faulting.  The  Legal  Tender 
tunnel  shows  the  country  rock  to  be  travei-sed  by  several  other  veins 
running  generally  parallel  to  the  Aspen. 

The  Aspen  workings  are  in  rocks  belonging  to  the  Silverton  series, 
exhil)iting  chiefly  the  characteristic  breccia  structure  already  de- 
scribed and  containing  much  rock  of  rhyolitic  character.     The  lowest 
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tunnel,  which,  judj2:ing  from  the  dump,  has  not  cut  the  lode,  is  in 
massive  andesite. 

According  to  information  received  from  W.  II.  Thomas,  there  were 
several  small  veins  near  the  surface,  which  came  together  in  the 
deeper  workings.  The  plan  of  the  workings  (fig.  12)  indicates  that 
the  lode  is  of  rather  irregular  character  and  that  the  general  dip  is 
northeasterly,  at  angles  varying  from  40°  to  vertical.  It  is  often 
assumed  that  tlie  Aspen  lode  is  the  northwestern  continuation  of  that 
branch  of  the  North  Star  lode  upon  which  are  located  the  Slide  and 
Mayflower  claims.  But,  as  elsewhere  pointed  out,  it  is  more  likely 
that  they  are  distinct. 

The  ore  of  the  Aspen  is  chiefly  a  heavy  lead-silver  ore,  consisting 
of  galena,  sphalerite,  chalcopyrite,  pjTite,  tetrahedrite,  and  a  little 
native  silver  in  the  upper  workings.  The  gangue  is  quartz,  with  con- 
siderable green  fluorite.  The  tetrahedrite  is  said  to  have  occurred  in 
pockets  or  bunches  in  the  other  ore  minerals.  One  trial  lot  of  ore, 
consisting  of  1,000  tons,  is  reported  to  have  run  110  ounces  of  silver 
and  <)()  per  cent  of  lead,  no  returns  being  made  for  gold.  The  Aspen 
ore  was  smelted  in  the  old  Greene  smelter,  north  of  Silverton,  as  long 
as  that  pioneer  plant  was  in  operation. 

It  is  commonly  stated  that  the  Aspen  ceased  working  on  account  of 
the  poverty  of  the  ore  in  the  lowest  workings.  It  is  probable,  how- 
ever, that  good  bodies  of  ore  will  yet  be  found,  and  that  the  mine  will 
again  become  productive. 

NORTH  STAR'    (KING  SOLOMON)  GROUP  OF  LODES. 

General. — The  prominent  North  Star  lode  crosses  Little  Giant  Peak, 
northeast  of  Silver  Lake  Basin,  very  near  its  summit.  Its  general 
course  is  a  little  more  northerly  than  that  of  the  Silver  Lake  vein,  or 
about  N.  48"^  W.  The  dip  is  northeasterly,  but  nearly  vertical. 
Northwest  of  the  peak  the  lode  continues  through  the  Terrible,  Slide, 
Mayflower,  and  Argentine  claims,  down  into  Arrastra  Gulch.  It  is 
often  supi)osed  that  the  Grey  Eagle- Aspen  lode,  on  the  south  side  of 
Arrastra  Gulch,  is  part  of  the  North  Star  lode.  But  the  connection, 
if  it  exists,  which  is  doubtful,  is  concealed  by  the  talus  in  the  gulch. 
It  se(Mns  more  probable  that  the  Aspen  is  a  distinct,  essentially  par- 
allel, overlapping  lode.  Southeast  of  Little  Giant  Peak  the  North 
Star  lode  continues  through  the  Dives,  Shenandoah,  Mountaineer, 
and  Lookout  claims  into  Mountaineer  Gulch. 

yorfJi  Sfai'  {King  Solomcm)  mine. — This  mine  was  first  regularly 
worked  in  1883,  although  it  had  been  exploited  intermittently  for 
three  or  four  years  previous  to  that  time.  Since  then  it  has  been  pro- 
ducing steadily  up  to  a  year  or  two  ago.     The  total  product  since  1883 


'  Thoro  are  two  North  Star  mines  within  the  quadrangle — one  on  Little  Giant  Peak,  com- 
monly spoken  of  as  "The  North  Star  of  King  Solomon,"  and  the  other  on  the  north  base  of 
Sultan  Mountain.  The  former  will  be  referred  to  in  this  report  as  "The  North  Star  (King 
Solomon)  mine." 


164        EOOKOiaO  GEOLOGY  OF  8ILVEBTOK  QUADBAlCaiA.     [nn 


has  been  $1,200,000.  The  lode  on  the  North  Star  property  is  a  at! 
stringer  lead,  consisting  of  a  zone  of  country  rock  traversed  irr 
larly  by  ore-bearing  stringers.  At  the  croppings,  near  the  sunun 
Little  Giant  Peak,  this  zone  is  about  100  feet  wide.  The  vein  i 
whole  has  no  walls,  and  the  stringers  are  usually  not  acoonipanie< 
gouge.  The  country  rock  is  that  found  in  the  Silver  Lake  Baain, 
belongs  to  the  Silverton  series.  The  hard,  massive  sheets  of  andi 
are  found  to  be  less  favorable  for  the  deposition  of  ore  than  the  sc 
breccias.  The  character  of  the  lode  makes  it  very  dilBcult  to  w 
Ore-bearing  stringers  may  be  encountered  anywhere  within  the  : 
of  fissured  country  rock,  and  frequent  crosscutting  is  a  neoea 
The  reduced  horizontal  projection  of  the  levels,  shown  in  fig.  13", 
give  some  idea  of  the  irregular  character  of  the  workings.     The 
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Fig.  13.— Sketch  plan  of  under in'ound  workings  of  the  North  Star  (King  Solomon)  ™<r 

shoot  as  a  whole  pitches  to  tho  southeast,  apparently  at  an  ang 
about  45°.  The  upper  2(X)  feet,  near  the  surfaee,  was  largely  sulp 
of  lead  (anglesite)  not  carrying  luiich  silvei*.  This  changed  in  d< 
to  galena,  which  was  associated  w  ith  increasing  amounts  of  tetr 
drite  as  the  ore  was  followed  downward.  In  the  lower  levels  tho  ga 
was  subordinate  to  the  gray  copper.  This  was  the  most  valuable 
mineral  in  the  mine,  being  a  highly  argentiferous  tetrahedrite,  oi 
variety  of  gra}'  copper  known  as  freibeigite.  Below  the  fifth  1 
the  pay  shoot  failed,  although  the  fissure  cont  inui^s.  No  serious  j 
peeling  has  yet  been  undertaken  to  determine  whether  there  maj 
be  other  ore  bodi(?s  beneath  the  pay  shoot.  That  there  are  sucli 
bodies  is  rendered  probable  by  the  fact  that  or(»  similar  in  chars 
to  that  of  the  North  Star  mine  occurs  at  a  lower  level  in  the  E 
mine,  which  adjoins  the  former  on  the  southeast.  The  gaugue  o1 
North  Star  ore  was  i^^uavtA.     Suuie  gold  occurred  occasionally  in 
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ore  of  the  lower  levels,  assays  of  0  ounces  to  the  ton  having  been 
obtained.  This  metal,  however,  formed  an  exceedingly  small  propor- 
tion of  the  whole  output,  which  was  chiefly  in  silver. 

Owing  to  the  cessation  of  mining  and  the  accumulation  of  ice  and 
mud  in  the  abandoned  workings,  it  was  impossible  to  make  any  satis- 
factory study  of  the  detailed  structure  of  the  lode.  Small  stringers 
and  gouge  seams  are  said  to  come  in  from  the  foot  wall  (southwest),  as 
in  the  Silver  Lake  lode. 

The  ore  from  the  North  Star  was  sorted  and  packed  on  burros  down 
to  the  road  in  Big  Giant  Gulch.  From  this  i)oint  wagons  carried  it 
down  to  the  Crooke  mill,  near  the  mouth  of  Boulder  Gulch,  l^uilt  to 
treat  ore  from  the  Polar  Star  mine,  on  Engineer  Mountain,  this  mill 
was  originally  equipped  with  a  modification  of  the  Augustin  leaching 
process.  Its  present  plant  consists  of  1  7  by  10  Blake  crusher;  10 
1,000-pound  stamps,  dropping  5  inches  at  00  to  the  minute;  5  Ilarz 
jigs,  1  Wilfley  table,  3  Frue  vanners,  and  G  canvas  tables.  Power  is 
furnished  by  a  60-horsepower  engine  and  boiler.  The  capacity  of  the 
mill  is  about  50  tons.  It  is  evident  that  ore  so  irregularly  mined,  and 
milled  under  such  disadvantages,  must  have  been  high  grade  to  have 
paid  for  extraction  and  treatment.  Much  ore  that  might  have  been 
profitably  milled  in  a  better-equipped  mine  has  undoubtedly  gone  on 
the  dump  or  remained  in  the  stopes. 

Dires  mine. — This  claim  joins  the  North  Star  (King  Solomon)  on 
the  southeast  and  is  on  the  same  lode.  The  workings  here  are  not 
extensive  and  the  mine  has  not  yet  produced  much  ore.  It  contains 
two  sto])es,  o\w  on  the  Dives  and  the  other  on  the  Shenandoah  claim. 
Tlu^  ^^MK^ral  (*haraetcr  of  the  lode  resembles  that  described  in  the 
Xortli  Star.  It  is  an  irregular  stringer  lead,  without  gouge  and  with- 
out nvufular  walls.  The  ore  is  argentiferous  gray  copper  (perhaps  not 
a  iioiinal  tetrahedrite,  as  it  carries  some  lead), galena,  chalcopyrite, 
and  ])yrite,  in  a  gangue  of  quartz  and  barite.  Small  vugs  lined  with 
quartz  erystals  are  common.  Much  of  the  vein  matter  is  merely 
altered  country  rock,  in  which  the  outlines  of  former  porphyritic  crys- 
tals ot*  feldspar  are  still  recognizable.  The  ore-l)earing  stringers  are 
<listinetly  cut  by  one,  and  possibly  two,  sets  of  later  stringers  of 
<iuartz,  generally  parallel  to  the  course  of  the  lode.  These  later 
stiinu^ers,  as  far  as  observ^ed,  are  small,  and  are  usually  barren, 
tiiou^h  sonu?  carry  a  little  ore.  Comb  structure  is  particularly  com- 
mon in  them.  A  well-marked  spherulitic  structure  was  not«d  in  some 
of  the  ore.  More  or  less  rounded,  irregular  lumps  of  tetrahedrite 
were  surrounded  by  a  skin  of  chalcopyrite,  from  which,  as  a  founda- 
1  ion,  the  quartz  had  eryst^illized  radially  outward  (see  PI.  XI,  C).  The 
hiiili-L^nade  ore  may  run  about  200  ounces  of  silver.  On  the  Dives 
claim  theri^  is  a  solid  vein  of  barite,  6  to  7  feet  wide,  on  the  hanging 
wall  of  the  productive  lode.  Its  relation  to  the  latter  was  not  deter- 
mined.    Its  presence  and  the  occurrence  of  barite  within  the  ore  body 
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an*  i><*rliaj>s  coniH^rt^'rl  with  the  l\>toinjic  Icitlo,  which  is  know 
carry  liarit**,  and  should  join  the  Xorlli  Star  hnle  from  tlie  iiort 
al)oiit  this  jMiiiit.  ]>arit(»  was  not  recoj^nized  in  Iho  oro  of  the  N 
Star  niin<». 

The  count ry  rock  of  the  I)iv<»s  is  that  of  tlie  Nortli  Star.  It  si 
some  alteration  clos<?  to  th<*  on*  hrxlies,  Innng  l)leache<l  in  color,  1 
crse<l  by  veinh*ts  of  (juartz,  and  full  of  minute  culncal  orysta 
pyrito  and  occasionally  sjM'cksof  pilena.  The*  mi<'n)sco|;K*  shows 
it  has  un<ler^one  <'ntire  metasomatic  n^crystallization  antl  con 
chiefly  of  quartz,  seri<'ite,  and  j)yrite. 

Tlie  Dives  was  workctd  on  a  lease  in  ISOO,  the  on}  lK»in;r  troale 
the  North  Star  (Crook<»)  mill.     In  1!m)()  it  was  icUe. 

yW  Mounffiinrrr  fitifl  Lookout  mines  hav<*  not  ]u*oved  steaclily 
duct iviM'laims,  although  in  the  Mint  re[»ort  for  ISOI  the  Lookoi 
enrdited  with  a  production  of  Je^27,  1"):3.  Hotli  are  now  idlo.  The 
n<d  of  the  latt<*r  is  run  in  Al^onkian  s<'hists,  just  iMMiealh  their 
tact  with  tlu»  ovrrlyin^  V(dcanic  nM'ks  of  tin*  San  Juan  series, 
schists  are  shatt.(»red  and  decomposed,  and  tin*  (h'posit  apj)t»ai-s  l< 
very  hnrn-hy  and  irre^^uhir.  The  ore  shows  galena,  chah'opyrite. 
pyrite.  '{'he  Mountaineer  is  said  to  liavi*  lxM»n  located  by  prospiM 
from  New  M<v\i<'o  in  l^<70.  At  least  three  veins  can  be  seen  <Top 
in  the  steep  blulTsof  San  .luan  breccia  a  bo  v  the  Lookout  tunni.d, 
appan»ntly  conver^inj^  just  south  of  tin*  tunnel  mouth  in  wh; 
lo<»ally  ternu'd  ;t  ''blow-out."  Tliis  is  a  mass  of  sliatttM'ed  limes 
(probably  the  ()ui-ay  liiiu'stoiH'  ( 1  )<'\  oiiian),  which  overlies  uncnnf* 
ably  llh'  Aljronkian  sdiisls  south  of  ihr  lli^rhland  Mary  niiin') 
fra«rnH*nts  of  srhisi  and  andrsit*',  crniciiled  by  comminuted  and*- 
matiMJal.  Somrof  ihr  linh'stone  Irairmeiils  ar«*  surrounded  ])y  eii 
oj>es  i»r  h<'iMatile.  TIh' wliole  mass  is  somewhat  mineralized  an 
1ra\ei-s<'d  by  quartz  St  rin^«'rs.  Tin*  oriiriu  of  ihis  area  of  local 
lurl>an<M'  i>  not  certainly  known.  TIh' original  shatl<'rinir  may  1 
berii  due  lo  llir  moNi'MH'Mts  wlijrh  rninHMl  Hh-  \<mus  that  conxtTi: 
t  his  point .  TlhT*'  has,  ho\\«'\  rr,  Ixm-u  s(>nn'  rrmii  niovenient  uf  a  \\ 
sli|>  ••liai-.n'i«T,  wjiirli  lias  t«*nd<'d  hn^bsrurr  I  he  nriiiinai  relationsli 

/»'///   (i'iunf  hul,    dinl  (tijn  rs.        In     \V\\X    (iiailt     (iulrli  ai*r  S«»V(M*aI    1< 

N\lii<'li  ina>  Im-  r(ui\  rnirni  i\  (irx-i-iJMMJ  in  <Minii(MM  ion  with  tbc  N< 
Star  l«»(li'.  'IMh'  ni(»st  iniport.'nit  (M"  tli«'s<'  Is  tin*  one  on  wbi«-h 
I'otoni.H' rlnini  is  lor.itcd.  S«niir  \v«!j'k  lias  Ix-m  dour  on  this  rh 
Mud  al^ii  iHi  iIm-  \V\\i  <iianl.  wliirl:  apj)'.'aiv  in  l)r  on  tlic  sam»'  1< 
<)n  ill-'  lailri-  ci.iini  llir  iotir  is  .ippai-rnl  Iv  a  ^lrin.i;ei'  lead,  will 
aii.\  coii^idrrablt-  l:oui:<'  and  ••arrvini:  nnh-ii  riiah-opyril*'  in  ils 
ll  di|»^  son!li\\«-st  at  irorii  7.'>  to  si '  .  A  small  mill  was  er«-ctr« 
this  f'laim.  but  tin-  mim*  ua^  tiol  >n«'(M'>>:n i,  and  uas  idb'  in  1 
ToxNard  the  soutln-ast  i  his  lod«-  |»i^^<-v  m\  .'i*  t  lif  iiort  hern  slmuhh 
Iliii  <iiatii  l'«'ak  and  i-s  sii j)ini>».-d  ii.  join  iIh'  North  Star  vein  in 
yes  elaim.  Ther*-  ar«'  o'Ih  r  lod.N  in  ihis  i:ni«'h.  tuoof  which 
J  on  the  iua\»,  b\v\  \\\ey  \va\v^  w^a  \\vvn\vv\  \vn  \v\^>i'ss  any  valu 
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LitUe  G-iant  lode. — This  lode,  which  lies  tetween  Big  Giant  and 
Arrastra  gulches,  has  not  been  worked  for  many  years,  and  its  chief 
interest  at  present  is  a  historical  one.  Discovered  by  Miles  T.  John- 
son in  1871,  it  was  the  first  mine  to  be  opened  in  the  district,  and,  in 
contrast  with  the  present  mines  in  the  vicinity,  produced  a  gold  ore. 
Such  portions  of  this  ore  as  were  not  shipped  to  Pueblo  in  the  crude 
state  were  originally  treated  in  arrastras.  About  27  tons  were  treated 
in  tliis  way  and  yielded  |{150  per  ton.  In  1872  the  Little  Giant  Com- 
pany was  formed  in  Chicago  to  work  the  mine,  and  in  the  following 
year  the  company  erected  a  mill  equipped  with  a  Dodge  crusher,  ball 
pulverizer,  and  5  stamps.  Power  was  supplied  by  a  12-horsepower 
engine.  The  mill  was  constructed  1,000  feet  below  the  mine  opening 
and  the  ore  was  brought  down  by  the  pioneer  wire-rope  tramway  of 
the  region.  About  100  tons  of  ore  were  milled  this  year,  producing 
about  $14,500.  The  saving  is  said  to  have  been  about  65  per  cent  of 
the  assay  value.  The  mine  became  involved  in  litigation,  and  this, 
coupled  with  the  diminution  of  the  pay  shoot,  led  to  its  abandonment. 

The  strike  of  the  vein  is  X.  40"  W.,  and  its  dip  southwest.  The  pay 
streak  is  said  to  have  been  about  8  inches  wide. 

LODES  OF  CUNNINGHAM  GULCH. 

General. — Cunningham  Gulch,  named  from  one  of  the  pioneers  of 
Baker's  company,  is  the  largest  of  the  various  side  gulches  which 
open  on  tlie  Animas  River  above  Silverton.  At  an  early  dateit  was 
the  scene  of  mining  activity,  and  then  gave  promise  of  a  develop- 
ment which  has  not  yet  been  fulfilled.  In  1899  and  1900  a  little  work 
was  in  progress  on  the  Pride  of  the  West,  but  otherwise  the  gulch 
above  its  junction  witli  Stony  Gulch  contained  no  working  mines. 
Abov(»  the  Greciu  Mountain  mine  the  bottom  of  the  gulch  is  excavated 
in  the  Algonkian  schists,  which  immediately  underlie  considerable 
areas  of  t  he  volcanic  rocks  of  the  quadrangle,  but  are  seldom  exposed 
in  its  central  portion.  The  San  Juan  and  Silverton  formations  lie 
u])on  the  characteristically  uneven  erosion  surface  of  the  older  schists. 
The  l<)(l(\s  traverse  both  the  schists  and  the  overlying  volcanic  rocks, 
and  thus  aiYord  opportunity  for  studying  the  changes,  if  any,  that 
take  place  in  the  lodes  when  they  pass  from  the  older  to  the  much 
younger  formations.  This  investigation,  however,  is  unfortunately 
seriously  handicapped  by  the  abandonment  of  most  of  the  old  work- 
iii^^s,  wliich  lias  rendered  many  of  them  inaccessible.  The  general 
couise  of  most  of  the  lodes  in  Cunningham  Gulch  is  between  N.  30'  W. 
and  \.  40'  W.  The  Highland  Mary  vein,  however,  is  about  X.  62°  W., 
and  still  other  lodes  run  more  nearly  north  and  south. 

HiyJfhtnd  Manj  vnne. — This  mine  has  it  workings  in  the  ancient 
schists  at  the  ])oint  where  Cunningham  Gulch,  rising  by  an  abrupt 
ascent  to  a  higher  level,  loses  its  narrow  linear  character.  The  schists 
which  compose  the  country  rock  vary  somewhat  in  mineralogical  com- 
position, but  the  most  common  facies  is  an  ordlua^^  \\Qt\\N:iVs^^^--^^i^^^ 
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coBsisting  essentially  of  green  hornblende  and.qqartz.  The  strike  of 
the  schistosity  is  here  about  N.  48""  £.  The  vein  has  a  flctrike  of  N. 
62°  W.,  and  is  practically  vertical.  Its  average  width  is  from  2  to  3 
feet,  and  it  is  a  simple  quartz-filled  fissure,  the  vein  being  adherent, 
or  '^frozen,"  to  the  schist  walls.  Several  tunnels  have  been  ran  into 
the  vein,  but  none  of  them  were  accessible  in  1899.  The  only  ore 
minerals  seen  on  the  dump  were  chalcopyrite  and  pyrite.  According 
to  Endlich,^  of  the  Hayden  Survey,  who  visited  the  mine  in  -1874,  the 
width  of  the  vein  is  from  4  to  5  feet,  and  galena  and  tetrahedrite  formed 
the  main  ore,  accompanied  by  pyrite,  chaloopyrite,  and  sphalerite. 
The  lower  tunnel  has  a  somewhat  devious  westerly  coarse,  and  was 
designed  by  Edward  Innis,  its  projector,  to  tap  the  Royal  Tiger  and 
other  lodes  of  the  Silver  Lake  Basin.  It  was  started  about  1875  and 
had  reached  a  lengt.h  of  about  3,000  feet  when  work  was  abandoned 
in  1884.  Several  veins  are  said  to  have  been  cut  in  this  tunnel,  but 
none  were  prospected.  An  inspection  of  the  dump  shows  that  the 
whole  of  the  tunnel  is  in  schist.  The  total  product  of  the  mine  was 
about  ^0,000. 

Toward  the  northwest  the  Highland  Mary  vein  passes  upward  from 
the  schists  into  the  volcanics  of  the  San  Juan  and  Silverton  series. 
As  examined  at  a  point  1,500  feet  above  the  mine  buildings,  the  lode 
in  the  volcanics  is  somewhat  larger  than  in  the  schists  below,  having 
a  width  of  about  12  feet.  It  is  here  composed  of  apparently  barren 
quart//.  The  lode  pi^obably  joins  the  North  Star  vein  on  the  Shenan- 
doah claim. 

Green  Mountain  mine, — This  miiic!,  which  is  credited  with  a  produc- 
tion of  al)oiit  ^100,000,  was  IxMng  opened  wlieii  visited  by  the  officers 
of  the  Ilaydeii  Survey  in  1874.  In  1883  it  is  said  to  have  produced 
about  'MX)  tons  of  ore,  aveniging  3S  ounces  of  silver  and  45  x>er  cent  of 
lead  per  ton,  valued  at  about  >?l*"),0(M).  It  was  idle  in  1899,  and  evi- 
dently had  not  ])een  worked  for  several  years.  1'he  mine  was  opened 
throu^jh  four  tunnels,  (Mitc^ringonor  near  the  course  of  the  lode.  The 
country  rock  of  the  tlin^e  lower  tuiuu^ls  is  a  rhyolitic  flow-breccia. 
Tlie  upper  tunnel  is  in  Algonkian  schist.  T1h»  schist  of  course  under- 
lies the  rhyolite,  and  the  fact  that  it  is  (encountered  in  the  upper 
instead  of  the  lower  work injjcs  of  the  mine  is  due  to  the  irregularity  of 
the  contact  between  it  and  the  younger  volcanic  rocks,  and  to  the 
course  of  the  fissure,  which  makes  an  angh*  with  the  contact.  The 
strike  of  the  lode  is  N.  .'Js  W.,  and  the  general  <lip  nearly  vertical,  or 
at  a  high  angle  to  the  ni»rth(»ast.  In  the  rhyolite  ihe  vein  is  generally 
about  .')  f<'et  wide  and  is<lestilute  of  gouge.  It  is  a  simple  fissure  lill- 
ing,  containing  a  few  small  horses  of  altere<l  <'ountry  rock.  The  ore 
contains  abundant  sphahM'ite  and  galena,  with  some  chalcopyrite  and 
pyrite,  in  a  quartz  gangut\  In  the  schists  the  vein  is  from  3  to  4  feet 
wide  and  tills  a  clean-cut   fissure.     The  ([uartz  and  ore  are  "frozen" 
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to  the  cleanly  fractured  edges  of  the  schists.  The  latter  are  slightly 
impregnated  with  pyrite,  but  show  less  alteration  than  the  rhyolite 
breccia.  The  differences  in  the  country  rocks  have  not  affected  the 
vein  or  ore  in  anyway  recognizable  by  the  eye.  Pay  ore  was  evidently 
stoped  in  botli.  From  a  scientific  point  of  view  it  is  much  to  be 
regretted  that  this  mine  is  not  now  in  operation  and  ox)en  to  inspection. 

Pride  of  the  West  mine. — This  was  one  of  the  earliest  mines  in  the 
district  to  ship  out  ore.  The  first  lot  was  t^iken  out  by  pack  animals 
to  Del  Norte,  on  the  Rio  Grande,  and  there  sold,  in  1874.  It  was 
from  the  upper  workings,  and  is  said  to  have  contained  handsome 
masses  of  wire  silver.  The  total  product  of  the  mine  has  probably 
been  near  $1(K),(KX).  In  the  Mint  report  for  1884  the  mine  is  credited 
with  a  total  product  from  the  upper  tunnel  (level  3)  of  1,500  tons, 
witli  an  average  value  of  $65.  This  would  give  a  total  of  $97,500  up 
to  the  end  of  1884.  The  product  since  that  time  has  probably  not 
been  large.  Work  of  a  desultory  character  only  was  in  progress  in 
1800.  The  general  course  of  the  Pride  of  the  West  lode  is  N.  32°  W. 
The  general  dip  appears  to  l>e  to  the  southwest  at  about  80°.  Local 
variations,  however,  ai'e  common.  The  country-  rock  is  a  greenish, 
indurated  tuff,  Ix^longing  to  the  Silverton  series,  and  probably  latitic 
in  character.  The  upper  and  older  workings  are  situated  some  500 
feet  above  Cunningham  Creek,  near  the  croppings  of  the  vein,  which 
are  here  from  20  to  25  feet  wide.  A  crosscut  tunnel  of  about  80  feet 
gives  access  to  the  lode,  which  has  a  threefold  character.  Next  the 
hanging  wall,  where  cut  by  the  crosscut,  lies  alK)ut  3  feet  of  appar- 
ently fair  milling  ore,  upon  which  no  stoping  has  been  done.  This 
is  succeechHl  on  the  northeast  by  15  feet  of  quartz,  carrying  abundant 
pyiite  and  chalcopyrite.  A  division  i)lane,  carrying  a  little  gouge, 
separates  1  hese  1  wo  portions  of  the  lode.  Northeast  of  this  wide  mass 
of  (juartz,  and  next  the  foot  wall,  is  the  main  **  pay  streak"  of  the 
mine.  This  ore  body  is  a  stringer  lead.  Its  thickness,  where  stoped, 
was  aj)parently  about  15  feet  at  the  most,  and  usually  considerably 
less.  I'liei'e  are  no  true  walls.  Stringers  from  the  lode  penetrate  the 
foot  wall  iii-egularly.  For  a  distance  of  several  feet  the  latter  is 
traversed  by  stringers  generally  parallel  to  the  lode.  The  lode  has 
])oeii  stoped  from  the  main  level,  and  from  a  level  GO  feet  below, 
]<'a(*li('<l  through  a  winze. 

The  ore  is  chiefly  galena,  occurring  in  stringers  and  bunches,  with 
ir.ore  or  less  ([uartz  gangue.  Pyrite,  chalcopyrite,  and  sphalerite  are 
also  })res(»nt.  Tlu^  richer  pockets,  however,  carried  rich  tetrahedrit^ 
([*reil)ergite),  and  sometimes  wire  silver. 

A  tunnel  has  l>een  run  at  a  point  on  the  road  about  100  feet  above 
Cunningham  Creek,  for  the  purpose  of  cutting  the  Pride  of  the 
West  lode  at  a  greater  depth  and  at  a  more  convenient  point  for  work- 
ing. IVIany  hundred  feet  of  crosscut  and  drift  were  run,  without, 
however,  finding  any  pay  ore.     Much  of  this  rock  was  on  the  Silver 
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Fountain  lode,  .which  runs  sonthwest  of  and  approximately  parallel 
with  the  Pride-  of  the  West  lode.  Ita  general  coarse  is  X.  42*^  W 
The  crosscuts  show  that  between  this  and  the  Pride  of  the  West  lode, 
which  appears  never  to  have  been  reached  in  these  lower  workings, 
are  several  other  generally  iMurallel  lodes,  none  of  which  carry  pay  ore, 
as  far  as  prospected. 

The  ore  from  the  upper  workings  of  the  Pride  of  the  West  is  brought 
down  to  the  road  by  a  small  wire-rope  tramway,  and  is  thence  hauled 
to  the  railroad  at  Howardsvilie  in  wagons. 

PhUaddphia  mine. — ^This  is  a  small  mine  higher  up  the  slope  and 
apparently  on  the  same  lode  as  the  Pride  of  the  West.  Work  on  it 
began  in  1875,  and  it  is  said  to  have  contained  a  single  pocket  of  ore, 
diiefly  freibergite  with  a  little  galena,  which  afforded  about  100,000 
ounces  of  silver.    It  has  been  idle  for  years. 

Other  lodes. — ^There  are  several  other  lodes  on  Green  Mountain 
between  Stony  and  Cunningham  gulches.  Several  of  these  have  pro- 
duced small  pockets  of  ore,  but  have  never  been  extensively  mined. 
The  stronger  lodes  run  approximately  northwest  and  southeast.  One 
of  these  is  prominent  along  the  crest  of  the  mountains.  Some  large 
masses  of  barren-looking  white  quartz  outcrop  along  the  course  of 
the  lode,  but  often  the  rock  (andesite)  is  bleached  and  full  of  small 
quartz  stringers  for  a  width  of  about  dO  feet.  About  a  quarter  of  a  mile 
northwest  of  the  summit  of  Green  Mountain  this  lode  cuts  an  older 
vein  of  solid  white  <iuartz,  about  10  feet  wide,  aecomjianied  by  some 
parallel  stringers.  This  older  vein  strikes  X.  GO''  E.  and  dips  south- 
east at  SO^-So"*.  The  lode  along  tlie  ridge  at  tliis  point  dips  southwest. 
On  the  northern  spur  of  Green  Mountain  tlie  veins  form  a  complex 
network.  A  few  only  of  the  better-defined  ones  are  shown  on  the 
map.  As  far  as  coiiUl  be  determined  they  are  all  of  the  same  age. 
As  a  rule  th(»y  show  small  indications  of  mineralization.  I  was 
informed,  however,  by  the  owner  of  one  of  the  claims  .that  ore 
occurred  in  scattered  pock^^ts,  from  one  of  which  he  had  taken  out  a 
carload  running  3  ounces  of  gold  iK»r  ton. 

North  of  the  Pride  of  tlu^  W(»st  is  a  lo<l(»  running  generally  parallel 
to  the  road.  Then^  an»  sevt^ral  j)rospects  upon  it,  but  it  has  never 
pro(luce<l  pay  ore.  Tii  on(»  of  these*  prospects,  the  Osceola,  just  north 
of  tlic  Pride  of  Ww  West,  occurs  a  very  curious  banded  ore,  descril)e<l 
mor<»  fully  in  the  grricrai  s<M'tion  on  tlu>  ores.  Owing  to  the  caved 
stato  of  tin*  tunn(»l  this  ban<l('d  on?  could  not  be  studied  in  place. 

LODES  OF  GALENA  MOUNTAIN   AND  VICINITY. 

Genc/'fiL — Under  tliis  heading  there  will  be  descrilwHl  not  only  the 

lissure  deposits  on  (ialerui  ^I<iuntain  itself,  but   those  of  Mag|2^ie,  Por- 

cupiiH%   an<l   Stony   gulches.     (Talena    Mountain   is  an   exceedingly 

prf»ci/>itous  i)eak,  the   u[)pei"  part   of  which   is  composed  chieflv  of 

a/j(/esilc,  both  massive  aud  Wvv^\\w.\\\*aI  (,Ui IT- breccias),  belonging  to 
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the  Silverton  series.  In  its  lower  portions  occur  some  rhyolite  and 
intrusive  masses  of  monzonite.  The  mass  of  the  mountain  is  trav- 
ersed by  very  numerous  lodes,  in  great  part  time  veins,  many  of  which 
are  prominent  on  the  surface.  Only  a  few  of  the  more  conspicuous 
ones  could  be  platted  on  the  map,  and  those  with  merely  approximate 
accuracy.  The  number,  prominence,  and  rough  parallelism  of  certain 
sets  of  these  lodes  suggest  their  division  into  at  least  four  groups. 

(1)  N.  45 ""  E.  lodes. — Lodes  having  a  nearly  northeast  and  south- 
west strike  are  not  so  numerous  on  Galena  Mountain  as  they  become 
fartlier  north.  The  best  example  in  this  portion  of  the  quadrangle  is 
the  Ridgway  lode,  the  general  course  of  which  is  about  N.  40""  E., 
with  local  variations.  Thus,  in  the  Ridgway  mine  the  strike,  as 
observed  in  the  drifts,  is  about  N.  65°  W.  The  lodo  dips  southeast 
at  from  75"  to  80°.  The  Ridgway  lode  is  faulted  by  the  Alaska  lode, 
with  a  strike  of  N.  40°  W. 

(2)  N.-S.  lodes. — In  this  group  are  included  a  number  of  rather 
short  lodes,  of  which  the  Veta  Madre  may  be  taken  as  an  example. 
They  usually  dip  to  the  east  at  an  angle  of  about  80°.  No  important 
ore  bodies  have  ]>een  found  on  any  of  them,  nor  was  any  work  on  them 
in  progress  in  1899.  The  larger  of  these  N.-S.  lodes  are  often  accom- 
panied by  parallel  fissuring  and  veining  of  the  coxintry  rock. 

(3)  N.  25°  W.  lodes. — Lodes  of  this  group  are  very  well  seen  on  the 
south  declivity  of  the  mountain  in  the  vicinity  of  the  Veta  Madre 
mine.  The  massive  andesite  is  here  traversed  by  a  very  prominent 
set  of  lissures  running  N.  25°  W.  and  generally  nearly  vertical.  The 
tissures  are  clesely  spaced,  a  foot  or  less  apart,  and  are  usually  occu- 
pied by  rather  small  stringers,  which  are  sometimes  mineralized.  In 
the  Veta  Madre  tunnel  the  N.-S.  lode  is  cut  by  a  vein  belonging  to 
this  jrroup  (N.  25""  W.),  which  was  followed  for  about  300  feet,  and 
carried  galtMia  w  itli  chalcopyrite  and  probably  sphalerite  and  pyrite. 
The  veins  of  this  group  are  thus,  in  part  at  least,  younger  than  the 
X.-S.  veins  of  group  2. 

(4)  N.  G5'  W.  lodes. — Lodes  whose  courses  are  within  a  few  degrees 
of  N.  (;5  W.  are  generally  larger  and  more  prominent  than  the  other 
lodes  of  (xaleiia  Mountain.  Just  southwest  of  the  summit  of  the  peak 
a  j)roiniiient  lode  of  this  group  has  l)een  extensively  prospected.  The 
lode  at  this  point  is  a  large  one,  striking  N.  60°  W.  and  dipping  75° 
to  the  northeast.  The  ore  is  chiefly  chalcopyrite  and  galena  in  a 
(juartz  gangut^  The  Neigold  mine  is  also  working  one  of  these  strong 
lodes  (X.  75"  W.),  in  this  case  practically  vertical.  The  ore  shows 
LTalriia,  chalcopyrite,  a  finely  disseminated  sulphobismuthite  of  lead, 
sj)e('ularite,  and  pyrite,  in  a  quartz  gangue.  A  gray  prismatic  min- 
eral of  brilliant  metallic  luster,  determined  as  probably  bismut hi nite, 
is  also  present.  The  veins  of  this  group  cut  the  N.  25°  W.  veins  of 
group  3,  and  in  one  case  were  observed  to  cut  a  vein  striking  about  X. 
'M)  K.  They  are  thus,  as  far  as  is  known,  the  youngest  veins  on  the 
mountain. 
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Although  Galena  Mountain  has  been  prospected  at  many  points  «nd 
faaA  produced  some  ore,  no  importlint  ore  bodies  have  yet  been  devel- 
oped. The  veins  in  general  contain  milk-white  qoarti  and  some 
barite  and  are  apparently  not  heavily  mineralized. 

AnHperiodic  mine. — ^This  is  a  small  property  on  the  east  Mde  of 
Rocky  Onlch.  The  lode  has  a  general  strike  of  about  N.  SS"*  W.  and 
dips  southwest  about  75°.  It  is  irregular  and  the  ore  ocours  in  pockets. 
The  country  rock  is  andesite.  The  ore  consists  of  galena,  with  oeros- 
site  and  wire  silver  near  the  surface.  Tetrahedrite,  chaJcopjrrite, 
pyrite,  and  sphalerite  are  also  present.  The  total  product  of  this 
little  mine  during  the  twenty  years  it  has  been  worked  amonntsto 
about  $12,000.  The  ore  is  often  of  high  grade,  carrying  sometimes 
1,100  ounces  of  silver  and  5  ounces  of  gold,  but  it  is  diffloult  to  find 
and  variable  in  tenor. 

Ridgway  mine. — This  mine  is  situated  on  a  spur  which  runs  out 
northeast  from  Galena  Mountain  to  Maggie  Gulch.  It  was  first  worked 
in  the  summer  of  1896  and  has  paid  continuously.  The  strike  of  the 
lode  is  N.  40''  E.  and  the  dip  southeast  at  76"".  The  workings  consist 
of  two  tunnels,  with  drifts  and  stope  on  the  upper  level.  The  lower 
tunnel  has  just  cut  the  lode,  and  a  winze  is  being  sunk  from  the  upper 
level  to  meet  it.  The  country  rock  of  the  two  main  levels  is  massive 
andesite.  The  stope,  however,  is  partly  in  well-bedded  andesitic  tuflf 
about  200  feet  thick,  resting  upon  an  uneven  surface  of  the  massive 
andesite.  The  tuff  is  in  turn  capped  by  an  andesitic  flow.  The  lode 
in  the  stope  shows  a  inaxiTniini  width  of  7  feet,  nearly  all  ore.  The 
vein  is  *' frozen"  to  the  walls,  the  rock  of  whicli  exhibits  considerable 
alteration.  The  microscope  shows  that  the  andesite  near  the  ore  has 
been  changed  into  an  aggregate  of  quartz  and  sericite.  The  gangue 
of  th(»  ore  is  chiefly  quartz,  with  a  little  caleite.  Vugs  are  common, 
usually  lined  with  crystals  of  quartz,  wliich  are  sometimes  faintly 
amethystine.  Toward  the  northeast  the  vein,  as  followed  in  the  stope, 
becomes  a  barren  sti-inger  lode.  Toward  the  southwest  the  ore  body 
is  sharply  termiimted  by  tlie  Alaska  vein,  which  faults  the  main  lode, 
apparently  olTset ting  its  southwestern  continuation  to  the  southeast. 
No  on»  has  yet  been  found  south  of  tlie  fault,  although  the  vein  con- 
tin  U(»s  beyond  th(»  olTset. 

The  valuable  const  it  u(»nt  of  the  ore  consists  diiefly  of  a  dark-gray 
or  black,  sectile,  arg(Mitiferous  mineral,  wliich  contains  neither  arsenic 
nor  antimony  and  is,  without  mu(*h  doubt,  arg(»ntite.  Curiously,  this 
mineral,  with  sectility  as  its  most  characteristic^  physical  property,  is 
called  ''brittle  silv(»r"  by  the  miners.  It  0(*curs  finely  disseminated 
tlirougli  the  quartz  (PI.  X,  A)  and  as  small  irregular  crystals,  with 
quartz,  in  the  vugs.  A  little  ruby  silver  is  rei)()rted.  There  is  ver}' 
littl(»  gal(*na  in  the  ore*,  and  tlie  product  of  th(»  mine  is  wholly  in  gold 
and  silver.  The  on?  shipped  averages  SMn  per  ton  and  carries  about 
3  ounces  of  gold.     Some  of  it  runs  much  higher.     In  1898,  300  tons  of 


RAN80ME.]       LODES    OF   GALENA   MOUNTAIN    AND   VICINITY.  l73 

ore  were  8hippe<l,  and  in  1890  about  150  tons.  Ore  under  $20  in  value 
is  thrown  on  the  dump.  The  crude  ore  is  taken  down  on  pack  ani- 
mals to  Middleton  and  shipped  to.Durango  by  rail.  It  costs  $G  per 
ton  to  transport  it  to  the  smelter.  The  total  product  of  the  mine  has 
been  about  *G0,000. 

Gold  Nugyei  claim. — In  Maggie  Gulch  are  numerous  lodes  and 
veins,  nearly  all  of  which  have  lieen  superficially  prospected.  The 
Gold  Nugget  is  one  of  the  oldest  of  these  prospects  and  has  produced 
about  *10,000,  chiefly  from  a  single  rich  pockefc  near  the  surface.  The 
value  is  in  gold  and  silver,  and  the  ore  is  the  so-called  *' brittle  sil- 
ver," probably  in  this  case  argentite.  The  strike  of  this  vein  is^.  10^ 
E.  and  its  dip  about  GO''  to  the  east.  It  is  a  strong,  solid,  white  vein, 
containing  some  calcite  and  barite  with  the  quartz.  The  country 
rock  is  andesite. 

Little  Maud  claim, — This  is  on  a  strong  vein  about  12  feet  wide, 
striking  N.  20°  E.  and  dipping  southeast  about  77°.  The  vein  is 
frozen  to  the  walls.  The  country  rock  is  andesite.  The  ore  is  similar 
in  character  to  that  of  the  Ridgway,  consisting  of  the  so-called 
"brittle  silver"  with  pyrite  in  a  quartz  gangue.  It  has  thus  far  been 
found  near  the  hanging  wall,  but  the  pay  streak  appeared  to  be 
changing  to  the  footwall.  About  40  sacks  of  high-grade  ore  had 
been  taken  out  in  1899,  but  none  shipped. 

As  a  whole  the  veins  in  Maggie  Gulch,  including  the  Ridgway, 
differ  markedly  in  the  character  of  their  ores  from  those  hitherto 
described  in  Silver  Lake  Basin,  Cunningham  Gulch,  and  on  Galena 
Mountain.  They  do  not  contain  noticeable  quantities  of  galena,  and 
are  mined  for  gold  and  silver  only.  The  important  ore  mineral  is 
the  so-called  "brittle  silver,"  which  usually  is  finely  disseminated 
through  the  quartz.  As  usual,  it  is  not  brittle  silver  (stephanite)  at 
all,  but  either  an  argentiferous  galena  or  a  mixture  of  galena  and 
argentite.  Common  pyrite  is  also  usually  an  abundant  constituent. 
As  far  as  observed,  veins  carrying  ore  of  this  character  all  strike  east 
of  north.  The  value  of  the  ore  is  about  equally  distributed  between 
gold  and  silver.  The  ore  is  usually  of  a  high  grade,  but  has  not 
been  found  in  large  bodies.  It  is  generally  in  irregular  bunches  and 
streaks  in  prominent,  generally  barren  lodes.  Except  the  Ridgway 
mine,  there  are  no  workings  in  the  gulch  which  can  be  regarded  as 
anything  more  than  prospects. 

H( unlet  mine. — This  mine,  about  three-fourths  of  a  mile  south  of 
Middleton,  although  hardly  in  Maggie  Gulch,  may  be  conveniently 
referred  to  in  this  place.  This  is  a  silver-lead-copper  mine,  which 
was  worked  intermittently  from  1883  to  1887.  Most  of  the  work  was 
done  (luring  the  last  two  years,  when  the  mine  shipped  several  hun- 
dred tons  of  chalcopyrite  and  galena  ore.  The  strike  of  the  vein 
is  N.  50°  W.  and  the  dip  80°  to  85°  to  the  northeast.  The  ore  is 
galena,  sphalerite,  and  chalcopyrite  in  quartz.     The  country  rock  is  a 
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te^-grained  moQzoxdte^  and  the  vein  is  a  simple  fifisiire  fl^^ 
er  so  gouge.    The  workings  are  ratiber  extensiTOi  ^abradng  ttura^adH . 
tunnels,  with  drifts,  stopes,  and  crosscuts.    The  ore  was  takrai  down. 
to  the  railroad  on  paek  animals,  and  it  is  remarkable  that.  00  muck 
work  was  done  on  an  ore  deposit  of  this  character  without  nuxne  «Sec^. 
ive  mealis  of  handling  and  concentrating  the  ore. 

Other  lodes. — Just  north  of  Howardsville  the  precipLtoua  slopea  of 
Dome  Peak  are  traversed  by  several  prominent  lodes.  There  are  twa 
sets  of  these,  one  with  a  course  of  about  N.  68"*  W.,  and  the  other 
about  N.  25^  £.  They  are  not  distinct  fissures,  mich  as  would  reault 
from  decisive  faulting,  but  are  veins  showing  considerabie  regalaaUf^ 
tot  some  distance,,  then  branching,  anastomosing  with  other  veiwa^  or 
dying  out  in  networks  of  irregular  stringers.  There  is  a  tunnels  the 
name  of  which  was  not  ascertained,  about  half  a  mile  north  of  How* 
ardsville,  at  the  junction  of  two  of  the  most  promii^nt  vriiis;  In  it 
much  fruitless  work  was  done,  but  no  extensive  ote  body  W9m  ovor 
discovered  and  the  mine  was  abandoned.  The  lodes,  so  lnomineiit. 
&  the  diffls  above,  seemed  to  be  pinched,  barren,  and  irregular  whea 
followed  under  ground. 

LODES  OF  BURNS  GULCH. 

Qenertd. — ^Although  the  lodes  in  this  gulch  were  prospeeted  at  an 
early  date  in  the  history  of  the  region  and  have  produced  some  ore, 

none  of  them  have  proved  permanently  productive. 

Tom  Moore  lode, — This  lode,  reported  to  have  lieen  located  in  1870, 
was  being  worked  in  1881,  and  then  produced  a  massive  galena  said  to 
caiTy  about  70  ounces  of  silver.  lUit  its  development  has  been  slow 
and  intermittent.  Its  strike  is  N.  53°  E.  and  its  dip  NW.  68°.  The 
country  rock  is  a  rhyolitie  flow  breccia,  part  of  the  Silverton  series. 
This,  when  examined  at  some  distance  from  the  lode,  is  a  light-gray 
rock  showing  ver}-  conspicuous  mottling,  due  to  the  brecciation  which 
its  material  has  undergone.  Both  the  fragments  and  the  matrix  are 
essentially  of  rhyolitie  character,  although  an  occasional  andesitic 
particle  occurs.  The  rock  is  usually  streaked  and  spotted  with  little 
nests  of  epidcte.  The  microscope  shows  that  the  original  glassy  base 
of  the  rock  has  been  largely  devitrified  and  is  now  a  fine-grained 
granular  aggregate  in  which  quartz  is  the  only  recognizable  constitu- 
ent. Phenocrysts  of  orthoclase  and  plagioclase  are  abundant  and  are 
usually  partly  altered  to  sericite.  Other  phenocrysts,  presumably 
ferromagnesiah  silicates,  have  been  changed  to  aggregates  of  quartz 
and  epidote.  Areas  of  chlorite  represent  what  wei-e  probably  former 
phenocrysts  of  biotite.  There  is  also  a  little  calcite  present.  The 
accessor}'  constituents  noted  are  allanite  and  titanite.  The  lower 
tunnel,  near  the  Animas  River,  shows  an  irregular  stringer  lead  with 
a  well-defined  gouge  slip  along  the  foot  wall.  Tho  ore  shows  chiefly 
HHlleiia,  witli  splialerite,  chalcopyrite,  pyrite,  and  sometimes  tetrahe- 
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drite,  in  a  quartz  gangue.  A  little  rhodochrosite  occurs  in  vugs.  The 
country  rock  alongside  the  lode  is  impregnated  with  pyrite  and  specks 
of  galena  to  a  greater  extent  than  is  usually  observed  in  this  region. 
Wheji  examined  in  thin  section  under  the  microscope,  it  is  seen  to  be 
filtered  to  an  aggregate  of  quartz,  sericite,  and  ore,  traversed  bj'  vein- 
lets  of  quartz.  The  original  brecciated  structure  and  the  outlines  of 
many  of  the  feldspar  phenocrj^sts  have  been  preserved  in  spite  of 
complete  recrystallization.  The  feldspars  have  usually  been  altered 
to  aggregates  of  sericite. 

A  second  tunnel,  several  hundred  feet  above  the  lowest  oi)ening, 
was  not  accessible.  The  dump,  however,  showed  that  this  portion  of 
the  lode  was  originally  a  brecxiia  zone  in  the  rhyolite  which  became 
filled  with  ore,  accompanied  by  considerable  impregnation  and 
rei)lacement  of  the  country  rock.  This  ore  deposit  was  itself  shat- 
tered and  veined  with  white  quartz,  carrying  little  or  no  ore. 

The  upper  tunnel,  200  feet  above  the  last,  was  being  worked  on  a 
small  scale  in  1808.  The  ore  streak  here  is  frozen  to  the  walls  and 
carries  no  quartz  save  in  some  small  later  stringers,  often  accom- 
panied by  kaolin,  which  cut  the  ore,  and  in  a  few  drusy  vugs,  where 
it  is  sometimes  accompanied  by  a  little  pale-lilac  fluorite.  The  ore 
is  chiefly  tctrahedrite,  with  some  chalcopyrite  and  galena.  Sphaler- 
ite was  not  seen.  There  is  said  to  be  some  bismuth  present,  probably 
as  a  sulphobismuthite  of  lead,  and  the  occurrence  of  hiibnerite  was 
noted  in  small  crystals  in  the  later  quartz  stringers.  The  width  of 
the  lode  is  usually  from  3  to  6  feet,  and  it  is  in  part  a  replacement  of 
the  rhyolitic  walls.  The  chalcopyrite  occurs  chieflj^  in  the  middle 
portions  of  the  ore  stringers.  The  tetrahedrite  on  each  side  of  iu  is 
solid  for  a  short  distance  and  then  fades  off  into  the  altered  country 
rock  as  minute  veinlets  and  specks  associated  with  chalcopyrite  or 
pyrite.  Such  gangue  as  is  present  with  the  ore  is  altered  rhyolitic 
flow  breccia,  consisting  chiefl}^  of  finely  crystalline  quartz  and  sericite. 
The  lode  is  thus  not  sharply'  differentiated  from  the  country  rock  on 
each  side  of  it.  The  tetrahedrite  is  not  highly  argentiferous.  The 
first-class  ore  inns  about  JprJO  to  the  ton  and  the  second-class  about 
^48.  The  (?hicf  value  is  in  coi)per,  but  there  is  some  silver  and  a  lit- 
tle gold,  the  last  sometimes  in  visible  particles.  Free  copper  is  not 
uncoinmon  in  these  upper  workings,  but  is  confined,  as  far  as  is  known, 
to  the  small  stringers  of  younger  white  quartz  which  cut  the  ore. 
These  sometimes  show  comb  structure,  and  the  copper  occurs  along 
with  the  medial  suture  of  the  stringers. 

The*  middle  tunnel  is  said  to  have  furnished  ore  carrying  more 
galena  and  higher  in  silver,  with  subordinate  amounts  of  tetrahedrite, 
while  in  the  lowest  tunnel  tetrahedrite  was  rare. 

Silrer  W^iny  mine. — This  property  comprises  several  lodes,  of  which 
one  is  the  northeast  extension  of  the  Tom  Moore.  Some  development 
of  these  lodes  was  in  progress  as  early  as  1880,  but  the}''  have  never 
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been  snooessf  ally  worked.  An  extensive  tunnel  has  been  ran  in  from 
the  Animas  River  near  the  mouth  of  Bums  Guloh,  and  a  costly  mill 
has  been  erected  to  treat  the  ore  when  it  should  be  found.  The  prop- 
erty became  involved  in  legal  difficulties,  and  in  1890  all  work  had 
ceased  before  ore  had  been  discovered  in  paying  quantities. 

LODBS   OF  SUNNYSIDB  BASIN. 

GhneraL — ^Although  the  Sunnyside  mine  is  the  only,  one  in  the 
basin  now  producing,  there  are  several  other  large  lodes  which  have 
in  the  past  produced  ore  from  superficial  workings.  In  the  general 
character  of  their  ores  they  show  much  similarity.  They  are  all  of 
prevailingly  low  grade,  although  the  Sunn3rside  contains  maiM^f^  of 
richer  ore  carrying  free  gold.  The  lodes  are  unusually  massive,  in 
some  cases  over  50  feet  wide,  and  all  carry  abundant  rhodonite.  The 
ore  minerals  are  galena,  sphalerite,  chidcopyrite,  pyrite,  and  some- 
times tetrahedrite  and  free  gold.  The  ore  minerals  are  usually  rather 
evenly  scattered  through  a  quartz  gangue,  and  the  ores  are  more  sili- 
ceous and  the  galena  is  more  finely  crystalline  than  in  those  of  the 
Silver  Lake  Basin.  The  large  veins  at  the  head  of  Lake  Emma  are 
curved  and  show  abrupt  changes  in  their  courses.  The  cause  of  these 
irregularities  is  not  api>arent. 

Sunnyside  mine. — Situated  in  the  basin  at  the  head  of  Eureka  Gnlch, 
this  mine  enjoys  the  distinction  of  having  been  an  almost  continuous 
producer  from  the  first  discovery  of  the  i-ejjion.     It  is  to-day  one  of 
the  few  mines  in  the  quadrangle  that  ai-e  actively  working  on  a  con- 
siderable scale.     The  deposit,  like  many  another  prominent  lode  in 
the  district,  was  located  in  187:3,  while  the  land  was  still  held  by  the 
Indians,  and  afterwaitls  i^eloeated  when  the  San  Juan  country  was 
thrown  open  to  settlement  in  1874.     It  was  worked  as  a  prosi>ect  in 
1875,  and  abont  four  veal's  later  produced  (Considerable  oi-e.     Thomp- 
son Brothers  worked  tlie  mine  for  several  years,  during  one  of  which 
they  are  said  to  have  taken  out  $:385,()(X).     The  rich  gold  ore  which 
made  the  early  exploitation  profitable  finally  gave  out.     A  lO-stamp 
mill  was  erected  at  the  outlet  of  the  lake  and  an  attempt  was  made 
to  concentrate  the  lower-grade  ore.     The  effort  resulted  lu  failun^. 
Finally,  about  18rK),  J.  H.  Terry  put  uj)  the  present  mill  in  Eureka 
Gulch  and  operated  it  successfully.     About  ItS'JO  this  mill  was  con- 
nected with  the  mine  by  a  wire-rope  tramway.     In  1800  a  second  mill 
was  complctinl  at  Eureka,  designed  to  relieve  the  work  of  the  upper 
mill  by  concentrating  the  lower  grades  of  ore  which  do  not  requiiv 
amalgamation.     A  tramway  was  also  constructed  connecting  the  two 
mills. 

The  Sunnyside  lode  is  v(»ry  large — .*3()  to  oU  feet  in  width.  Its  gen- 
eral strike  is  about  N.  5(>  K.  and  it  dips  to  the  southeast  at  65"^  or  70". 
Toward  the  nort Insist  it  i)asses  through  a  saddle,  where  it  is  known 
as  the  Sunnyside  Extension  lod(»,  and  continues  down  Placer  Gulch. 


RAN80ME.]  LODES    OF   SUNNY8IDE    BASIN.  177 

Southwest  of  the  Sunnyside  the  lode  becomes  the  Belle  Creole,  curves 
sharply  westward,  and  is  concealed  by  alluvium  at  the  head  of  Lake 
Emma.  A  short  distance  northeast  of  the  Sunnyside  lode,  and  nearly 
parallel  to  it,  is  the  No  Name  lode,  dipping  75°  to  the  southeast,  and 
joining  the  Sunnyside  in  the  Sunnyside  Extension  ground.  Between 
this  lode  and  the  Sunnyside  are  at  least  three  other  veins,  making  in 
all  a  very  large  body  of  low-grade  ore.  The  Sunnyside  vein  is  frozen 
to  the  walls,  and  gouge  is  usually  absent.  The  oi'e  minerals  of  the 
vein  are  galena,  sphalerite,  chalcopyrite,  pyrite,  tetrahedrite,  and  free 
gold,  in  a  gangue  of  quartz  and  rhodonite.  The  ore  streaks  occur 
irregularly  in  the  vein,  between  partitions  of  rhodonite.  As  a  rule 
the  ore  occurs  near  the  walls,  and  when  an  ore  shoot  pinches  on  one 
wall  it  usually  thickens  on  the  other.  The  best  ore,  carrying  free 
gold,  occurs  in  irregular  lenses  parallel  with  the  plane  of  the  lode  and 
sometimes  30  or  40  feet  in  diameter.  It  is  usually  associated  with 
rosin-colored  sphalerite  and  small  amounts  of  lilac  fluorite.  These 
are  regarded  as  useful  indications,  but  are  not  invariably  accompa- 
nied by  free  gold.  The  ore  has  been  brecciated  to  some  extent  since 
its  original  deposition  and  is  sometimes  traversed  by  a  network  of 
veinlets.  These  are  usually  filled  with  quartz  carrying  a  little  chal- 
copyrite. But  where  the  veinlets  traverse  rhodonite  they  are  often 
filled  with  that  mineral  instead  of  quartz.  The  exact  relation  of  the 
rhodonite  *'  partitions"  to  the  ore  is  not  always  clean  In  some  cases 
the  rhodonite  appears  to  form  the  mass  of  the  vein,  in  which  the  ore 
occurs  as  lenticular  bodies,  and  sometimes  lenses  of  rhodonit.e  are  sur- 
rounded by  ore.  The  large  masses  of  rhodonite,  or  "pink,"  as  the 
minere  term  it,  are  never  regarded  as  ore,  although  they  are  not  des- 
titute of  the  ore  minerals.  The  material  is  rose-pink  in  color  on  fresh 
fracture,  very  compact,  and  exceedingly  tough  to  work.  It  alwaj'^s 
contains  a  little  quartz,  calcite,  and  rhodochrosite.  The  rhodonite 
sometimes  occurs  as  distinct  stringers  cutting  the  quartz  and  ore, 
while  in  other  places  it  may  be  seen  intimately  and  irregularly  inter- 
crystallized  with  them.  As  far  as  observed,  neither  the  rhodonite  nor 
the  ore  shows  any  regular  megascopic  structure,  such  as  banding, 
crustitication,  or  coinl)  structure,  other  than  tbe  general  relationship 
already  indi(!ated. 

The  No  Name  lode  has  not  yet  been  comraerciall}'^  w^orked.  Where 
seen  it  showed  about  0  feet  of  quartz  and  ore  on  the  foot  wall  and 
about  4  feet  on  the  hanging  wall,  the  two  streaks  being  separated  by 
10  feet  of  rhodonite  (fig.  7,  p.  88).     The  ore  is  chiefly  galena. 

The  Sunn}  side  is  worked  through  a  main  adit  tunnel  about  100  feet 
above  the  lake.  There  are  two  other  important  levels  above  the  i)res- 
ent  adit.  Underhand  stoping  is  employed,  resulting  in  empty  stopes 
of  great  height.  Fortunately  the  nature  of  the  country  rock  is  such 
that  the  men  working  in  the  bottoms  of  these  stopes  are  fairly  safe 
from  falling  material.     There  are  no  stopes  as  yet  below  the  main  adit 
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I    leveK     Aj^  m  too  uftt*i)  tke  case  in  the  mines  of  this  region,  adequate 
,    ]iia|}ii,  Bliuwini^  the  lUHlergrouiid  workini^s  and  the  sbniies  of  the  ori? 

lM>flieH  an  (li*Vi*lfj[H*d  up  to  date,  nm  Uiokiti^. 

'        The  i-hlrf  jinriiuel  of  the  iniue  is  in  gokl  and  Ivnd^  tht*  i^ilver  avpp'i 

,    iigiTi^  nijt.  tiiut^h  TiKire  than  U  ounee:^  per  t4:>n,     Ueeii«ioiia.t  Htreaksotj 

i'    t«*tmhedrite  iniiy,  linwever,  ettrry  as  much  as  4(>0  oiiiiee»,     Tlie  or^ 

c  a  IT  i  tH  1 1  m  a  F  i  n  lay-so  1 1  w  i  re  -  ro  [h^  t  ni  ti  i  way  d  o  w  n  \n  tit  e  ni  I !  I  in  K 1 1  f  i  *  ks* 

tluleh.     This*  mill  iw  equipped  with  1  Bliike  crusher,  15  8taiJip,^  tif  * 

•  to  7tMJ  poundii  weight,  drt^ppin^  55  to  (JO  times  a  niinute,  '4  I^artlett] 
tal>lei4,  i  Wilfleyw,  and  2  (*4inva«  tables.  The  |H«wer  is  \viiii?r.  Tlie 
batterieK  ai\*  provided  with  one  anialgainAted  eopptM-  plnle  eneh.     Tlie 

^   cat)a(^jty  nC  the  mill  is  30  tc>  35  Unm  daily.     In  rjiHj  thi»  mill  wji«i  nolr 
in  nisi%  and  all  the  on>  vva.s;  sr*nt  down  on  a  Finhiysoii  If^nrnway  t*j  tbi 
new  ndll  at  Enreka,  origiiiaMy  deni^rHMl  for  a  enneenlrHtiiig  mill  audf 

•  furriiisned  with  rolls.     The  eqinpnientoi"  this  mill  is  at  pi*ejii*nt  one  11 
,    by  l*"*  Blake  er usher,  20  stamps,  .1  WiUley  tables,  and  5  Bairth*t1,  tiiblesi.^ 

Powor  H  snt>i>lied  by  2  Pelton  wat^r  wheels*. 

L(i  Belie  Ctfole, — This  elaim  is  on  the  main  Sunnysicie  IcKle,  w-htcJi 
hftB  hnr©  turned  so  as  to  fitrike  ea^t  and  west,  dipping  south  75'- .  The 
enjfipin^s  ai-e  very  prominent  and  have  been  worked  by  open  eutf 
find  til  rough  a  ^mall  tiinneL  tSeveral  pockets  of  ^ood  one  have  tieeft 
taken  out  near  the  jsurfaeen 

71tc  Lake  elai]n  is  on  a  pi*ominent  lode  just  norUi  of  Lakt't  Emmft. 
Thin  has  aiso  pro«liieed  some  y^mnl  ore  and  has  been  w*>rke<l  by  nn 
D|iL»u  eut  ami  snuUl  shaft.  The  strike  of  the  finsure  is  K.  74^  W.,ainl 
the  dip  praeticall)^  vertleal  The  eontin nation  of  this  lode  towar«] 
the  east  is  lost  beneath  tlie  taluw.  On  the  west  it  appears  to  he  eon- 
neetMtl  with  the  George  Washington  lode,  although  the  two  are  not  in 
iitM'. 

71tf'  OeiiTije  Wthshinyton  m  a  sti-oujE^  lode,  striking  eiii?t  timl  w<*t 
HUii  dii>i>iiij^  f?i>nlh  7^^,  It  also  has  been  suiierlieinlly  workinl  by  an 
opi-n  i*ul  and  a  shallow  shaft.  In  ll*0<)  a  new  pmspeeting  shaft  had 
becij  Huuk  south  of  ihe  vein  and  a  eroHseut  driven  aeross  the  latler, 
lH*re  ovi^i'  IniJ  fwt  wide.  About  20  iVet  of  very  erMupaet  rli<Klonite 
WHH  inif.  thriiui-h  about  in  the  nudtile  of  the  vein,  and  alnn^side  tlie 
rhulou(t«%  on  tin'  uordi,  is  about  5  fin^t  of  tH'i\  <*arrying  In  plae<*s  a.*^ 
Uineh  as  *J  <iu»'('i*H  af  j^mhl.  3Iost  of  the  Vidn*  however,  is  nf  low  jjrade. 
T\u  ii^aiion  of  tlii'  rlKHlnniti'  to  the  nvo  is  sinillni'  tn  that  d««H(*nlH:d  iti 
l!ir»  Si(rm>>id''  *nim*.  Tiir  (fitur^r*'  W«shjn|2:(ou  mAu  sIhiw?*  uu  jfunjje 
ami  n'n'i';;idar  walls.  The  nre  rr^^crablps  tluM  <ff  the  Sntinysiile  in 
geM<  rat  tuuiiiah^^iral  i-haraeti-r,  bnl  [jii  rhaps  i*anies  mure  g^al^^mi. 
Till*  hid*'  aju'^*'"'''d  ly  curves  and  iia^:^es  through  the  saddle  into  Ross 
JtHsin,  ddwn  vviMi.*h  it  is  easily  fHlluwid  by  its  li-iuarknbly  |iriiniineiil 
eroppio^^^s. 

it*  ft  FntnUiti  Ifuue.—-Vh\s  is  an  <'nnrnifins  Inrh^  of  low-griide  ore, 
in  plaees  over  Inn  feel   in  width,  whielMM^os^i^s  Kureka  Giilfh  abotit 
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half  a  mile  below  Lake  Emma.  Its  strike  is  N.  43°  E.,  and  it  dips 
northwest  from  45°  to  60°.  This  mine  caused  considerable  excite- 
ment in  1883.  Two  tunnels,  20  and  80  feet  in  length,  had  been  run 
and  some  300  tons  of  ore  averaging  |53G  i>er  ton  had  been  taken  from 
the  longer  tunnel.  An  inclined  shaft  was  also  sunk  for  a  short  dis- 
tance on  the  lode.  The  ore  consists  of  sphalerite,  galena,  chalcopy- 
rite,  and  pyrite,  in  a  gangue  of  quartz  and  rhodonite.  Masses  of 
richer  ore,  carrying  tetrahedrite  and  native  silver,  are  said  to  have 
occurred  in  caves  within  the  lode.  A  road  was  built  up  Eureka 
Gulch  to  the  mine,  but  the  latter  did  not  fulfill  expectations  and  was 
abandoned. 

PLACER  GULCH  AND  TREASURE  MOUNTAIN    GROUP  OF  LODES. 

General, — As  may  be  seen  by  reference  to  the  map^  on  which  only 
a  few  of  the  most  prominent  viens  are  shown,  the  veins  of  this  areal 
group  form  a  complex  network  in  which  certain  dominant  directions 
of  Assuring  are  plainly  recognizable.  There  is  a  series  of  strong,  con- 
tinuous lodes,  represented  by  the  Sunnyside  and  Scotia  veins,  having 
a  general  course  of  about  N.  40°  E.  The  dip  of  these  is  southeasterly 
at  a  high  angle.  The  Scotia  lode  appears  to  be  a  very  persistent  one. 
There  is  good  reason  to  suppose  it  to  be  continuous  with  a  lode  which 
passes  up  Cinnamon  Creek  and  over  Wood  Mountain  to  the  Lake 
Fork  of  the  Gunnison.  A  second  system  of  shorter,  less  conspicuous 
veins  crosses  the  first  series  almost  at  right  angles,  with  a  course 
approximately  X.  55°  W.  These  are  nearly  vertical,  but  the  majority 
of  them  dip  southwest  at  high  angles.  Whether  they  are  older  or 
younger  than  the  dominant  northeast  veins  could  not  be  satisfactorily 
determined  with  the  exposures  at  hand,  although  some  of  them  appear 
to  cut  the  Scotia  lode.  A  third  system  of  transverse  veins,  repre- 
sented by  the  Golden  Fleece,  has  a  course  about  N.  75°  E.,  with 
usually  steep  southerly  dip.  Besides  the  three  systems  already  noted, 
there  is  a  very  i)roininent  set  exposed  at  the  head  of  Placer  Gulch, 
which  liave  an  average  trend  of  about  X.  25'"  E.  Their  dip  is  usually 
sti'op  and  easier}}-.  Th(*y  resemble  in  character  the  great  Sunnyside 
lode,  and  in  most  eases  are  branches  of  the  latter,  forming  with  it  a 
fan-like  irroup  somewhat  similar  to  that  previously  described  in  Silver 
Lake  IJjLsin. 

Tlierc^  are  several  other  lodes  in  this  area  which  do  not  striclly 
belong  witli  any  of  the  systems  noted.  Several  of  them  have  a  nearly 
east-and-wesl  strik<^  and  might  perhaps  be  grouptnl  together,  or  pos- 
sibly included  with  veins  of  the  (iold<Mi  Fleece  system. 

The  country  rock  of  all  these  hnles  is  in  the  main  the  Silverton 
series,  with  a  few  masses  of  intrusive  rhyolit<5. 

The  Sunnyside  Extension  lode  and  those  just  descril)ed  as  its 
brancln^s  resen)l)le  V(M-y  closely  those  in  the  Sunnyside  IJasin.  They 
are  foi-  the  most  part  strong,  heavy  lodes  with  bold  outcrops,  to  which 


180         ECONOMIC   GEOLOGY   OF   8ILVERT0N   QUADBAKGLE.     [buu^  188. 

the  abundant  rhodonite,  by  oxidation,  generally  gives  a  black  color. 
Underground  it  is  seen  that  these  lodes  are  as  a  rule  composed  of 
alternating  bands  or  streaks  of  ore  and  barren  pink  rhodonite.  The 
ore  bodies  may  vary  from  a  few  inches  up  to  30  feet  in  width.  They 
are  sometimes  continuous  for  long  distances,  but  are  elsewhere  plainly 
lenticular.  The  miner  has  sometimes  followed  a  single  ore  streak  for 
a  considerable  distance  without  suspecting  that  another  ore  body  lay 
close  alongside,  separated  from  him  by  a  partition  of  rhodonite.  The 
ore  streaks  frequently  show  irrt*gular  banding,  by  deposition,  and 
often  contain  small  vugs.  The  ore  minerals  are  sphalerite,  galena, 
pyrite,  chalcopyrite,  free  gold,  sulphobismuthites  of  lead  and  silver, 
and  sometimes  small  amounts  of  tetrahedrite,  molybdenite,  native  sil- 
ver, and  native  coj^per.  The  sphalerite  varies  from  dark  brown  to 
rosin-yellow  in  color,  and  usuallj'^  about  equals  the  galena  in  amount, 
and  exceeds  the  other  ore  constituents.  The  light-colored  zinc  blende 
often  accompanies  ore  rich  in  free  gold.  The  gangue  is  quartz,  rho- 
donite, and  locally  a  little  fluorite  and  calcite.  The  rhodonite,  which 
forms  the  "partitions  of  pink"  between  the  ore  bodies,  is  tough  and 
compact,  and  varies  from  light  pink  to  rose-red  in  color.  It  is  always 
poor  in  ore  minerals  when  it  occurs  in  large  ma^es,  but  small  amounts 
of  rhodonite  may  be  embedded  in  the  richest  ore. 

In  spite  of  the  banding  on  a  large  scale  shown  by  the  veins,  they 
are  as  a  rule  simple,  thick  plates  of  vein  filling,  frozen  to  the  walls 
and  containing  very  few  liorses  of  country  roek.  Of  low  grade  4is  a 
whole,  they  have  hitherto  l)e(Mi  mined  for  the  richer  i>ortions,  carrying 
free  gold. 

Snnny,si(le  K^vfension  in'me, — This  property  joins  the  Sunnyside  on 
the  northeast,  and  is  on  the  same  lode.  The  main  lode  dips  southeast 
about  7o' .  Just  northwest  of  it  is  a  sec'ond  lode,  nearly  parallel  and 
bearing::  to  it  a  relation  siniilai*  to  that  which  the  No  Name  bears  to 
the  Sunnyside.  This  second  lode  also  dips  southeasterly,  but  in 
places  it  is  as  flat  as  to'.  It  probably  joins  the  Sunnyside  vein  iu 
depth. 

Tli(^  Sunnyside  Kxtension  mine  was  first  extensively  worked  in  18SG, 
when  j?'^,1m;5  worth  of  ore  was  shipped.  It  was  worked  steadily  until 
l.s<ji>,  producing  in  all  8o37j)S7.  Aftei-  a  shoil  intermission  it  was 
a^ain  worked  up  to  about  18'.>7,  but  the  output  U)y  this  period  is  not 
known.  The  inin<'  is  now  (IImh))  bcin^  a^rain  reopened.  The  oix^ 
rt\seni])les  in  ucneral  eluu-aeter  and  oeeuri'enee  that  of  the  Sunnyside 
mine,  but  is  moi-e  irre;i:ular  in  its  <list I'ihut Ion.  There  are  three  main 
levels,  all  connect in^^  wltli  tlie  sui'face  by  a<lit  tunnels.  Above  level 
-  is  a  st(>[)e  alxKit  on  feet  wide,  -<>i)  feet  lonu'  and  lL^5  feet  high,  which 
is  said  to  have  Ixmmi  practically  all  ore.  Some  very  rich  ore  lias  been 
taken  tj-oni  tliis  mine,  carload  lots  running-  as  hiirh  as  74  ounces  of 
^old  jM'r  ton,  toiretliei'  witli  siher  and  lead.  Tlie  jiold  occurred  very 
liiVisrly  l're<\  and,  as  \\i  lUi'  Sunnysid«',  was  limited  to  certain  i)ockets 
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or  bunches  within  the  mass  of  the  otherwise  low-grade  vein.  Speci- 
mens of  this  ore  in  the  possession  of  Mr.  Rasmus  Hanson,  of  Eureka, 
showed  the  gold  scattered  through  masses  of  friable  spongy  quartz, 
and  also  as  implanted  crystals  on  the  quartz  crystals  of  drusy  cavi- 
ties or  vugs.  It  also  occurs  embedded  in  a  dark-gray  mineral  locally 
termed  "graphite,"  but  which  in  reality  is  molybdenite,^  in  a  sulpho- 
bismuthite  of  lead  and  silver  not  specifically  determined,  and  also  in 
light-yellow  zinc  blende.  A  little  native  silver  sometimes  occurs  with 
the  gold,  and  some  native  copper  was  in  the  upper  workings.  The 
general  mineralogy  of  the  vein  is  identical  with  that  of  the  Sunnyside. 

The  Sunnyside  Extension  (Hanson's)  mill,  erected  in  1889  near  the 
head  of  Placer  Gulch,  is  equipi)ed  with  a  Blake  crusher,  20  750-pound 
stamps,  dropping  9  inches  at  64  to  the  minute,  4  Gilpin  County  shak- 
ing tables,  and  2  Woodbury  tables.  The  mill  was  driven  by  steam 
and  has  a  capacity  of  47  tons  per  day.  Ore  was  brought  down  to  the 
mill  on  a  Huson  tramway  2,300  feet  in  length,  with  61  buckets  and  a 
daily  capacitj'^  of  1 75  tons. 

The  Mastodon  is  on  the  same  lode  as  the  Sunnyside  Extension  mine, 
and  lies  just  northeast  of  the  latter.  This  claim  has  never  been  exten- 
sively developed.  It  is  known  to  contain  some  rich  silver  ore,  but 
this  is  iiTCgularly  distributed  through  the  large  low-grade  lode.  A 
mass  of  this  ore,  consisting  chiefly  of  an  argentiferous  sulpho- 
bismuthite  of  lead  in  a  fine  aggregate  of  quartz  and  barite,  was 
assayed  by  Mr.  Hanson  and  found  to  carry  400  ounces  of  silver.  The 
sulphobismuthite  occurs  as  a  bright  lead-gray  mineral,  finely  dissem- 
inated through  the  quartz  and  barite,  or  in  minute  ragged  prismatic 
crystals.  It  is  not  practicable  to  obtain  the  mineral  in.  sufficient 
purity  and  quantity  to  warrant  quantitative  chemical  analysis,  by 
which  alone  the  mineral  species  could  be  determined. 

The  Mastodon  mill  was  one  of  the  earliest  to  be  constructed  in  the 
district.  In  1890  it  had  been  repaired  and  was  working  on  ore  from 
the  Silver  Queen  mine.  Its  present  equipment  is  a  Blake  crusher, 
2  sets  of  rolls,  1  Huntingtqn,  1  double  compartment  jig,  2  sets  of 
revolving  screens,  1  large  Bartlett  table,  2  *' double-deck "  Wilfleys, 
and  4  slime  tables.     Its  capacity  was  said  to  be  35  tons. 

Silver  Queen. — This  is  a  small  mine  at  the  head  of  Placer  Gulch 
and  about  one-fourth  mile  east  of  the  Sunnyside  Extension.  The  lode 
is  somewhat  irregular,  but  appears  to  strike  about  N.  10°  W.  Its  dip 
is  to  the  west  and  unusually  flat  for  this  region,  being  near  40°.  Con- 
siderable work  has  been  done,  but  in  a  most  unsystematic  manner. 
The  ore  seen  showed  galena,  pyrite,  chalcopyrit^,  tetrahedrite,  and 
sphalerite,  in  a  gangue  of  quartz  and  rhodonite,  with  a  little  rhodochro- 
site.  It  is  also  said  to  carry  some  free  gold.  This  mine  has  produced 
some  good  ore,  but  how  much  is  not  known.     The  silver  is  said  to 

>  T.  A.  Rickard  has  erroneously  referred  to  this  as  graphite,  snpposinfr  that  it  aided  in  precip- 
itating the  ore.  See  The  Enterprise  mine,  Rico,  Colorado:  Trans.  Am.  Inst.  Min.  En«.C7<A.Y:^&:TS.> 
1897,  pp.  »76-9r7. 
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have  oconrred  largely  in  coiiibiiiaticm  with  bismutli,  probably  as 
a  Biilpliobisinathite  of  lead  and  stiver.  In  lH\n\  a  er>o.ss<Hit  vinm 
being  driven  to  out  fhe  extension  of  the  Sounrl  Deinocrat  lode  to  The 
eastward. 

-  Hidden  Treasure^  Pride  of  the  Roekie.%  f/t\— Thesu  clainiB  nn* 
located  on  lodes  Ijrlng  radially  in  the  angle  between  t  1r^  Silver  Qui^i^u 
and  the  Snnnjnside  Kctension.  They  hate  lieen  pro^i^eetecl  in  ji  t«iLtiUi 
way  and  have  produced  inconsiderable  lunounu  of  ore.  Aeeonling 
to  Mr.  Rasmus  Hanson,  ore  from  the  Hidden  rn^a^ure  vein  h^^  H^§8a>l*cl 
300  ounces  of  silver  and  4  ounoes  of  gold  per  inn.  In  their  ^^nemi 
diameter  these  lodes  resemble  the  othei^  of  xhm  group  nb^^^y 
described.  The  lodes  at  the  head  of  PlncHr  UukOi  are  exeeediiiifly 
numerous,  and  those  named  or  those  indieatecl  on  the  map  oornpH^^ 
merely  a  few  of  the  more  prominent  ones. 

/Sound  Democrai. — ^This  also  is  a  small  niine  which  was  lieing  devel- 
oped  in  1899.  The  princii>ai  lode  strikes  K.  JO'  E.  fiihI  dips  nort  Jntvt%t 
about  68**.  The  portion  of  the  lode  now  beini^  workt^l  in  vk^ry  irrega- 
lar,  the  ore  occurring  in  bunches,  as  if  the  lode  harl  been  broken  up 
and  the  parts  displaced.  Much  of  the  in^egularity  is  appiuvnUy  duf* 
.  to  the  fact  that  two  or  more  transverse  or  iiiii^rHeetin^  UhU.>h  oihmit  irj 
the  workings.  Owing  to  the  absence  of  maps  and  the  small  (sodle^ 
the  present  workings,  it  was  impossible  to  make  a  satisfactory  sl^idy 
of  the  ore  bodies.  In  its  general  mineralogical  character  the  lode 
resembles  the  Siinnyside.  The  ore  shows  pyrite,  sphalerite,  praleoa, 
chalcopyrite,  and  free  gold,  in  a  gangue  of  quartz  and  rhodonite,  and 
a  little  rhodochrosite.  A  gray  metallic  mineral  occurring  in  minute 
particles  in  some  of  the  ore  is  probably  one  of  the  suIphoDismuthites 
of  lead.  Gold  is  the  most  important  constituent,  and  occurs  free  in 
fine  particles  in  the  quartz  and  in  the  pyrite.  Chalcopyrite  is  not 
abundant,  and  when  present  is  regarded  as  an  indication  of  the  pres- 
ence of  gold.  The  galena  in  the  best  ore  occurs  in  such  fine  particles 
as  to  make  its  recognition  difficult.  Quartz  is  the  principal  gangue 
mineral,  and  often  shows  small  vugs.  In  1899  the  ore  of  the  Sound 
Democrat  was  being  packed  on  burros  to  the  upi)er  Sunnyside  mill 
in  Eureka  Gulch  and  there  treated. 

Scotia  lode. — This  is  a  very  prominent  lode,  which  outcrops  along 
the  southeast  slope  of  Ti*easure  Mountain.  It  is  probable  that  the 
same  fissure  or  fissure  zone  crosses  the  Animas  River  and  extends  up 
Cinnamon  Gulch  and  over  the  southeast  shoulder  of  Wood  Mountain. 
Its  strike  on  Treasure  Mountain  is  N.  43°  E.  and  its  dip  about  75°  to 
the  southeast.  It  is  occupied  by  a  large  low-grade  lode,  with  a  more 
or  less  black  outcrop,  owing  to  the  oxidation  of  the  rhodonite  of  which 
it  is  partly  composed.  Although  prospected  at  many  points,  it  has 
not  been  profitably  worked.  The  Scotia  claim  has  produced  some 
high-^rrade  ore,  but  it  has  come  from  a  small  transverse  vein,  the 
Men  Fleece. 
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Golden  Fleece  vein. — This  is  a  veiy  small  and  tight  vein  which  has 
produced  some  rich  free-gold  ore.  The  strike  of  the  vein  is  N.  75°  E. 
and  its  dip  about  75°  to  the  south.  Its  width  varies  from  a  fraction 
of  an  inch  to  6  inches,  and  it  is  unaccompanied  by  gouge.  Although 
so  small,  the  vein  is  remarkably  regular  and  has  been  extensively 
stoped.  As  it  approaches  the  Scotia  lode  it  breaks  up  into  stringers 
and  grows  poor.  This  splitting  up  of  the  vein  into  stringers  as  it 
approaches  the  Scotia  lode  is  at  least  an  indication  that  the  latter  is 
older. ^  Toward  the  east  it  bends  southward  and  joins  the  Golden 
P^leece  extension,  a  low-grade  lode  approximately  parallel  with  the 
Scotia.  The  ore  of  the  Golden  Fleece  is  free  gold,  which  occui*s  in 
beautiful  dendritic  forms  made  up  of  thin  branching  plates  of  gold 
embedded  in  a  gangue  of  quartz  with  some  pale-pink  rhodochrosite. 
The  quartz  near  the  gold  is  usually  dark  colored,  and  this  darker 
shade  is  apparently  due  to  the  presence  of  extremely  minute  particles 
of  pyrite,  galena,  and  sphalerite,  and  possibly  other  ore  minerals. 
The  gold  occurs  both  in  the  quartz  and  in  the  rhodochrosite.  Some 
beautiful  specimens  of  rich  gold  ore  from  this  little  vein  were  seen  in 
the  possession  of  Mr.  Hanson,  of  Eureka,  who  worked  the  vein  for 
years.  The  product  was  all  sorted  and  shipped  as  crude  ore.  There 
was  no  work  in  progress  in  1899  when  I  visited  the  mine,  but  a  resump- 
tion of  mining  was  reported  in  1900. 

San  Juan  Queen, — This  is  a  prospect  in  Picayune  Gulch  just  south- 
east of  the  Scotia  and  Golden  Fleece  mines.  The  lode  strikes  N.  83°  E. 
and  dips  south  about  80°.  Its  average  width  is  from  3  to  4  feet.  The 
ore  consists  of  pyrite,  galena,  sphalerite,  and  a  little  free  silver,  in  a 
gangue  of  quartz  with  some  rhodonite.  Much  of  the  galena  is  very 
finely  crystalline,  giving  a  dark-gray  tint  to  the  quartz.  The  prospect 
has  been  developing  for  about  seven  yeans,  and  has  shipped  about  10 
tons  of  ore.  The  best-grade  ore  is  said  to  carry  about  5i  ounces  of 
gold  and  180  ounces  of  silver. 

Toller  lode. — This  is  a  j)rominent  lode  on  the  ridge  east  of  the  upper 
part  of  Picaj^une  Gulch.  Its  course,  N.  40°  E.,  is  nearly  parallel 
with  that  of  theSunnyside  and  the  Scotia.  It  dips  northwest  at  from 
50^  to  00°.  It  has  not  been  worked  on  any  extensive  scale  and  is  low 
grade.  In  the  Toltec  claim  the  vein  is  in  places  about  60  feet  wide, 
of  solid  quartz  carrying  finely  disseminated  pyrite,  with  a  more  heav- 
ily mineralized  streak  carrying  galena,  sphalerite,  and  chalcopjTite 
near  the  hanging  wall.  An  upper  tunnel  on  this  claim  has  affoi*ded 
some  coarsely  crystalline  galena  resembling  more  the  ores  of  the  Sil- 
ver Lake  Basin  than  those  usually  found  in  this  vicinity.  The  Toltec 
was  idle  in  1899,  and  has  never  emerged  from  the  condition  of  a  pros- 
pect. Farther  southwest  the  vein  carries  abundant  tetrahedrite,  prob- 
ably in  bunches. 

Mountain  Queen  viine, — Situated  at  the  head  of  California  Gulch, 


'  So©  von  Cotta:  Erzlagerstfttten,  FT^^Vbar*,  \%?«,\>.  \\^. 
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under  Hurricane  Peak,  this  mine  may  be  conyeniently  described  with 
those  of  Placer  Oulch.  It  is  one  of  the  oldest  workingB  in  the 
district,  and  in  1877  shipped  370  tons  of  ore  to  Lake  City.  This  ore 
was  carried  by  pack  animals  to  Rose's  Cabin  at  $3  per  ton,  and  is 
said  to  have  contained  30  ounces  of  silver  and  H  per  cent  of  lead. 
The  mine  was  most  active  from  1878  to  1880,  and  during  one  of  these 
years  is  reported  to  have  shipped  $60,000  worth  of  ore.  It  was  still 
shipping  ore  in  1882.  It  was  worked  by  an  open  cut  and  throng  a 
vertical  shaft.  There  are  at  least  two  large  lodes,  and  the  shaft  is 
sunk  at  or  near  their  junction.  The  largest  strikes  N.  80^  E.  and 
dips  south  75"^  to  80°.  Its  croppings  are  very  prominent  and  in 
places  over  200  feet  wide.  It  is  quite  likely  the  same  lode  as  that  on 
which  the  Custer  claim  is  located,  but  is  not  worked  in  the  Mountain 
Queen.  The  lode  exploited  in  this  mine  appears  to  strike  about  N. 
42"*  E.  and  to  dip  southeast  at  nearly  85"".  It  apparently  curves  some- 
what and  passes  through  a  saddle  east  of  Hurricane  Peak,  but  the 
abundant  talus  and  numerous  intersecting  veins  obscure  the  oonne 
of  the  main  Assure.  As  seen  in  one  of  the  old  levels,  60  feet  below 
the  surface,  the  vein  is  wide  and  adherent  to  its  walls.  The  galena 
occurs  as  rather  irregular  bunches  in  the  quartz  near  the  footwalL 
At  the  present  time  work  is  carried  on  by  a  few  leasers  in  a  shallow 
shaft  south  of  the  old  works.  The  ore  as  sorted  for  shipping  is 
nearly  solid  galena.  It  is  associated  in  the  vein  with  chalcopyrite, 
pyrite,  sphalerite,  and  sometimes  tetrahedrite,  in  a  quartz  gangne. 
No  rhodonite  or  rhodochrosite  was  seen.  Fluorite  was  observed  with 
some  galena  ore  in  a  prospect  about  100  feet  north  of  the  old  work- 
ings, but  may  possibly  not  be  on  the  same  vein.  The  country  rock 
of  the  Mountain  Queen  belongs  to  the  Silverton  series. 

Other  lodes. — Several  other  lodes  than  those  mentioned  have  been 
worked  to  a  small  extent  in  Placer  Gulch  and  on  California  Mountain. 
The  Evening  Star,  on  the  west  side  of  IMacer  Gulch,  has  shipped  some 
ore,  consisting  of  galena  and  tetrahedrite  with  pyrite,  sphalerite,  and 
chalcopjrite,  in  a  quartz  gangue.  The  Custer  is  a  large  lode  which 
crosses  California  Mountain  just  north  of  the  northern  peak.  Its 
strike  is  N.  SI""  E.,  and  it  is  supposed  to  dip  south.  It  is  possibly  the 
same  lode  as  that  upon  which  the  Mountain  Queen  mine  is  located  in 
California  (xulch.  The  ore  of  this  prospect  resembles  the  Ridgway  ore, 
save  in  the  i^rosence  of  rhodonite.  It  carries  chiefly  an  argentiferous 
lead  sulpliobisniuthite,  wrongly  called  **  brittle  silver"  by  the  miners, 
and  p^n-ite.  Tlie  workings  are  of  a  most  superficial  character.  The 
Black  Diamond  prospect  is  on  a  strong  lode  striking  N.  56°  E.  and 
dipping  SO""  N\V.,  on  the  eastern  slope  of  California  Mountain.  It  is 
crossed  by  another  lode  striking  N.  81"  E.  and  dipping  80°  NW., 
which  passes  through  the  saddle  between  the  two  summits  of  the 
mountain.  The  ore  in  this  lode  is  chiefly  a  gray  copper,  carrying 
J}oth  antimony  and  avseme^^vthlead  and  a  little  silver  replacing  part 
•e  copper. 
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LODES  OF  MINERAL  POINT. 

Oeneral, — There  is  probably  no  area  within  the  quadrangle  where 
outcrop  so  numerous  and  such  conspicuous  lodes  and  veins  as  in  that 
immediately  surrounding  Mineral  Point,  at  the  headwaters  of  the 
Animas  and  Uncompahgre  rivers.  The  general  trend  of  these  lodes 
is  roughly  northeast  and  southwest,  but  they  are  not  all  parallel.  A 
radial  disposition  of  the  fissures  is  plainly  discernible  south  of  Min- 
eral Point,  I'ecalling  the  similar  arrangement  at  the  head  of  Placer 
Gulch  and  in  Silver  Lake  Basin.  From  the  knob  south  of  the  deserted 
town  (from  which  the  latter  takes  its  name)  the  croppings  of  many  of 
the  lodes  can  be  followed  with  the  eye  for  long  distances  to  the  north- 
east and  southwest.  Unlike  large  quartz  veins  in  some  other  regions, 
the  prominent  veins  here  do  not  stand  up  uniformly  as  topographic 
ridges,  but  they  are,  nevertheless,  often  easily  traceable  as  long  white 
lines  stretching  away  over  the  uneven  country.  The  summit  of  Min- 
eral Point  knob  is  formed  by  a  heavy  vein  of  nearly  solid  white 
quartz  at  least  60  feet  wide,  which  dips  about  75°  to  the  southeast. 
Toward  the  northeast  this  vein  divides  into  three.  The  middle  branch 
is  that  upon  which  the  San  Juan  Chief  is  located,  while  the  Bill  Young 
mine  is  on  the  eastern  branch.  Toward  the  southwest  this  vein  passes 
over  the  eastern  spur  of  Tuttle  Mountain.  The  triangle  between 
Houghton  and  Tuttle  mountains  and  Mineral  Point  is  occupied  by  a 
most  complicated  network  of  fissure  veins.  Only  the  more  prominent 
ones  can  be  shown  on  the  map,  and  their  representation  on  a  map  of 
this  scale  and  character  is  necessarily  somewhat  diagrammatic.  Some 
of  them  follow  curved  courses,  as  is  well  shown  by  a  large  vein  which 
crosses  the  road  just  west  of  Mineral  Point  town  and  extends  south- 
west toward  Lake  Como. 

Although  so  numerous  and  persistent,  the  lodes  in  the  vicinity  of 
Mineral  Point  have  been  productive  of  more  disappointment  than 
profit.  Excluding  the  Old  Lout,  which  will  be  described  with  the 
Poughkeepsie  Gulch  mines,  there  has  not  been  a  mine  in  this  vicinity 
which  can  be  said  to  have  yielded  a  substantial  profit  over  and  above 
its  total  cost.  The  Polar  Star,  on  Engineer  Mountain,  was  formerly 
extensively  worked,  and  produced  some  rich  silver  ore;  but  the  ore 
shoots  apparently  had  little  depth,  and  the  net  profit  of  this  mine  was 
I)robably  not  large  when  it  was  finally  compelled  to  close.  In  1899 
and  1900  the  work  in  this  vicinity  was  practically  limited  to  prospect- 
ing or  the  extraction  of  small  amounts  of  ore  from  shallow  workings. 

The  prevailing  country  rock  of  the  Mineral  Point  area  Ls  andesite, 
belonging  in  the  Silverton  series.  There  are  also  considerable  bodies 
of  rhyolite,  which  are  intrusive  in  the  andesite,  and  some  latite. 

Red  Cloud  mine. — This  claim  was  first  worked  about  1874,  and  in 
1881  is  reported  to  have  had  about  1,200  feet  of  drifting  and  to  have 
taken  out  some  800  tons  of  gray  copper  and  galena  ore  in  the  progress 
of  development.     The  present  workings  consist  of  three  ahdl^^  'Jw 
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lower  adit  tunnel,  and  an  unknown  extent  of  drifts.  The  mine  never 
proved  suocesHful,  and  has  been  idle  for  ten  or  fltteen  yeam.  No 
examination  of  the  underground  workings  was  possible  in  1899. 

The  Red  Cloud  lode  is  a  very  strong  one.  It  passes  through  tHe 
saddle  just  east  of  Tuttle  Mountain,  \%nere  its  individuality  is  some- 
what obscured  by  a  mnltitude  of  intersecting  veins.  It  appears,  how- 
ever, to  continue  along  the  southeast  slope  of  Tuttle  Mountain  and 
to  form  one  member  of  the  remarkable  plexus  of  veins  abont  Lake 
Como.  Toward  tne  northeast  it  passes  through  the  Ben  Batier  claim 
and  over  the  dividing  ridge  between  the  Animas  Biver  and  Henson 
Creek  drainage.  At  the  Red  Cloud  mine  th««  lode  is  split  into  several 
members,  of  which  the  three  most  prominent  are  indicated  on  the 
map.    The  mine  is  located  on  the  western  or  main  flssare. 

Inspection  of  the  dumps  shows  that  much  of  the  ore  originally  filled 
a  brecciated  zone  in  rhyolite.  The  ore  contains  galena,  often  dissemi- 
nated in  minutid  i>artieles  through  the  quarts,  sphalerite,  ohalcopy- 
rite,  and  pyrite,  in  a  quartz  and  rhodonite  gangue.  Some  of  the  pjrrile 
has  the  radial  structui^  usually  taken  as  indicative  of  marcasite. 
(See  p.  77;  also  PI.  XI  C)  Ruby  silver  (proustite)  is  also  reported. 
The  crude  ore  is  said  to  have  contained  about  t40  and  the  concen- 
trates about  $15  per  ton.  The  process  of  ore  deposition  was  attended 
by  much  alteration,  impregnation,  and  i)ossibly  some  replacement  of 
the  country  rock.  Subsequently  the  ore  was  brecciated  by  renewed 
movement  alon^  the  fissure  and  recemented  by  quartz  carrying  small 
amounts  of  sphalerite  and  galena. 

Ben  Bugler  mine, — This  is  a  prospect  on  the  same  lode  as  the  Red 
Cloud.  The  lode  dips  southeast  about  75°.  It  is  less  evidently 
brecciated  than  in  the  Red  Cloud.  The  country  i^ock  is  andesite. 
The  ore  shows  much  sphalerite,  with  galena,  pyrite,  and  ruby  silver 
(proustite),  in  a  quartz  gangue.  The  different  ore  minerals  are  not 
uniformly  distributed  through  the  lode,  but.  are  more  or  less  concen- 
trated into  zones  or  bands.  The  best  ore  is  the  very  finely  crystallized 
galena  and  ruby  silver  in  a  quartz  gangue.  This  galena,  minutely 
disseminated  through  the  quartz,  is  called  "brittle  silver"  by  the 
miners,  but  chemical  examination  shows  that  this  name  is  erroneously 
applied.  These  two  minerals  are  practically  confined  to  two  streaks 
4  to  8  incli<\s  wide.  The  lode  is  a  large  one,  and  the  walls  are  not 
exi)osed  in  the  workings.  The  latter  are  100  feet  in  depth  and  opened 
througli  an  inclined  shaft.  The  shipping  ore  is  said  to  run  about  40 
ounces  of  silver,  40  per  cent  of  lead,  and  a  little  gold,  which  some- 
tim(»s  amounts  to  4  ounces  per  ton.  Work  on  this  property  was  in 
progress  in  a  small  way  in  181)1)  and  1000,  and  a  tunnel  was  being  run 
to  cut  the  lode  at  greater  depth. 

Unroinpahijn'  Chief  claim. — This  i)rosixH*t,  about  a  quarter  of  a 
mWe  southwest  of  the  Ben  Butler,  on  an  ai)proximately  parallel  lode, 
had  a  shaft  50  feet,  deev  i^^  Wy;^,    'VW  n^Aw  y's^  vu  two  main  branches, 
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25  feet  apart,  and  dips  southwest^»rly  at  about  75°.  The  ore  near  the 
surface  consisted  of  tetraliedrite,  presumably  argentiferous,  and  a 
little  galena,  in  a  quartz  gangue.  The  tetrahedrite  is  erroneously 
termed  ''brittle  silver"  by  the  prospectors.  Another  mineral  of 
bright  metallic  luster  and  gray  color  occurs  near  the  surface.  It  is 
usually  in  small,  more  or  less  radially  grouped  prisms  in  the  quartz 
and  is  locally  termed  "star  silver."  It  proves  to  be  a  sulphobis- 
muthite  of  lead  and  copper,  probablj^  argentiferous.  The  ore  in  the 
bottom  of  the  shaft  is  pyrite  in  a  quartz  gangue.  A  little  chalco- 
pyrite  and  rhodocrosite  in  small  vugs  were  also  observed. 

Bill  Young  mine. — This  mine,  just  east  of  the  dismantled  town  of 
Mineral  Point,  is  on  the  easternmost  of  the  three  lodes  which  join  on 
the  summit  of  Mineral  Point  knob.  It  produced  some  oi*e  about  1876 
and  was  worked  to  a  considerable  extent,  but  it  has  been  idle  for 
many  years  and  few  data  concerning  it  could  be  secured. 

San  Juan  Chief  mine, — This  mine  is  on  a  very  prominent  lode 
striking  N.  40°  E.  and  dipping  southeast  at  about  75°.  It  is  crossed 
bj'  a  second  lode  striking  about  N.  60°  E.,  also  dipping  steeply'  south- 
east. The  present  developments  consist  of  a  shaft  300  feet  deep, 
sunk  at  the  intersection  of  the  two  lodes,  and  a  crosscut  and  drift  at 
the  3()0-foot  level.  The  work  has  been  unsystematically  done  and 
without  accurate  surveys  or  maps.  No  ore  has  yet  been  found  in 
these  workings,  and  it  is  highly  probable  that  the  drifting  has  all  been 
done  on  the  barren  intersecting  lode  and  not  on  the  San  Juan  Chief 
lode  at  all.^  The  latter  has  produced  in  all  nearly  175,000  from  oi)en 
cuts  and  shallow  shafts.  The  ore  from  these  is  very  siliceous  and 
consists  of  quartz  and  pyrite  with  a  little  tetrahedrite.  The  British 
Queen  claim,  which  joins  the  San  Juan  Chief  on  the  northeast,  has 
produced  some  gold  ore  from  an  open  cut,  the  gold  occurring  in  finely 
disseminated  pyrite  in  quartz. 

In  spite  of  its  small  output  and  the  fact  that  no  ore  body  has  yet 
been  systematically  developed  in  depth,  this  mine  has  been  equipped 
with  substantial  buildings  and  expensive  machinery.  The  present 
mill  is  the  second  one  that  has  been  erected  and  has  never  worked  on 
pay  ore  from  the  San  Juan  Chief.  In  1899  it  was  supplied  with  two 
roasting  furnaces,  a  Blake  crusher,  rolls,  15  stamps,  and  lixiviation 
vats.  In  1000  the  vats  had  been  removed  and  3  Cammett  tjibles  and 
a  canvas  plant  substituted.  These  were  running  on  ore  from  the  Ben 
Butler.     The  po\<^er  is  steam. 

Polar  Star  mine, — This  property,  situated  on  Engineer  Mountain, 
has  been  more  thoroughly  exploited  than  any  other  in  the  vicinity. 
The  average  strike  of  the  lode  is  about  N.  25°  E.,  with  a  dip  of  about 
75°  to  the  southeast.     The  croppings  on  the  Polar  Star  claim  show 

>  The  mine  was  closed  in  1900,  bat  I  was  informed  that  the  main  lode  had  been  fonnd  by  cross- 
cutting  on  the  a«  Of  oot  level.  The  ore,  however,  ran  only  $8  or  $10  per  ton.  It  is  reported  to 
be  30  feet  wide. 
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Mtetj  of  mbj  aSTer  aiid  mrgeutita  ia  the  upper  workings  It  was 
ptietiesQf  free  from  lead,  wlUMa^  a  little  ^Alena  occurs  in  the  veiii 
«id  eonia  epedmeiie  of  gilmia  ote  wmw  seeo  from  near  the  southwest 
Md  of  the  daim,  next  to  the  Maaunoth.  The  mbr  silver  oeecirretl  in 
poekele  in  the  lode.  In  the  lower  WOTkmg^  tbe  higrb-gmde  silver  ore 
f§  eeid  to  hare  eiinnged  abruptly  to  an  iire  e«>iiiii£iing  ehieflj  of  pjrite 
in  quBXtZf  carrying  about  12.onneesof  ail  ver  per  ton,  with  ao  irold.  A 
itadlar  change  ia  aa^d  to.  hare  bem  experienced  in  all  the  mines  on 
jBngineer  Ifoontain*  ^  . 

The  conntiy  rock  immediately  akmgnde  of  and  included  In  the 
Polar  Star  lode  haa  been  bleached  and  altered  by  the  ore-bearlui^  soln* 
tiona  and  trantformed  to  a  mixtnre  of  quartK,  kaolin,  and  pyrita 
The  nature  of  this  alteration  ia  diacussed  on  page^  120^124, 

The  ore  from  the  Polar  Star  was  hauled  in  wa^roiT^  down  ta  fhr* 
Crooke  mill  on  the  Animas,  near  the  mouth  of  Boulder  Gulch,  and 
there  treated  by  the  Augustine  process.  It  seems  to  have  been  well 
adaptcHl  to  this  treatment,  a  saving  ot  about  95  per  cent  being  reported. 

Other  mines. — The  Mammoth,  Syracuse  Pride,  and  Annie  Wood 
are  all  mines  on  the  southern  slope  of  Engineer  Mountain  upon  which 
considerable  work  has  been  expended  but  which  are  now  idle.  The 
Mammoth  is  on  a  branch  of  the  Polar  Star  lode,  which  here  shows 
croppings  of  solid  quartz  nearly  12  feet  in  width,  dipping  southeast 
at  7iy\  The  lode  material  as  seen  on  the  dump  is  generally  similar  to 
that  of  the  Polar  Star.  This  mine  is  reported  to  have  yielded  about 
$3(),(X)()  in  silver  and  gold.  The  Mint  reports  give  its  total  product 
for  181U  and  1892  as  |525,Go5.  According  to  the  i-eports  of  the  Tenth 
CensuH,  Hteplumiie  (true  brittle  silver)  occurred  in  the  Anuie  Wood 
and  Mammoth  mines,  together  with  freibergile,  ruby  silver,  and  sul- 
phide of  bismuth.  It  is  quite  possible,  however,  that  this  is  an  error, 
du(^  to  the  very  loose  use  of  the  term  '* brittle  silver"  by  the  miners. 
The  Mammoth  and  Polar  Star  are  often  asserted  to  be  on  the  San  Juan 
Chief  lode.  As  nuiy  be  seen  by  reference  to  the  map,  where  the  lodes 
an*  plotted  as  accurately  as  the  scale  and  topography  will  allow,  this 
assertion  is  improbable.  They  are  probably  overlapping  fissures. 
The  Syracuse*  Pride  shipped  ore  to  Crooke  &  Co.,  in  Lake  City,  dur- 
ing ISTti,  and  is  credited  with  a  product  of  f5lO,000  in  1890,  but  the 
niitw  Wiis  never  successful.    Some  oi-e  was  found  in  the  upper  work- 
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ings  and  a  shaft  sunk  to  cut  the  lode  at  depth,  but  no  ore  was  found, 
and  there  is  some  doubt  whether  the  ore-bearing  vein  was  ever  cut  in 
the  lower  workings. 

The  Black  Silver,  on  the  crest  of  Engineer  Mountain,  east  of  the  sum- 
mit, was  developed  by  a  shaft  and  several  tunnels  run  in  on  the  north 
slope  of  the  mountain.  The  lode  strikes  N.  38°  E.,  and  dips  north- 
west at  about  75°.  It  is  18  inches  to  2  feet  in  width,  and  in  general 
character  closely  resembles  the  Polar  Star.  Some  very  rich  silver  ore 
was  formerly  extracted  near  the  surface. 

The  Mohawk,  on  the  north  side  of  Engineer  Mountain,  was  not  vis- 
ited.    It  was  not  working  in  1899  and  1900. 

The  Sunset,  on  the  southwest  slope  of  Engineer  Mountain,  is  a  small 
mine  which  has  shipped  a  few  tons  of  ore.  The  lode  strikes  N.  25°  W., 
and  dips  southwest  at  an  angle  of  75°  to  80°.  It  is  4  to  5  feet  wide 
and  consists  of  gouge,  crushed  decomposed  rock,  and  bunches  of  quartz 
and  ore.  The  country'  rock  is  a  rather  coarsely  porphyritic  altered 
andcsite,  like  that  of  the  Polar  Star.  The  ore  consists  chiefly  of  tet- 
rahedrite  and  pyrite  in  a  gangue  of  quartz,  with  some  kaolin. 

The  Wewissa  is  a  small  mine  or  prospect  on  the  western  spur  of 
Engineer  Mountain,  and  is  credited  with  a  production  of  about  ^13,000 
in  1890.  It  was  shipping  a  galena  and  tetrahedrite  ore,  carrying  sil- 
ver, in  1899,  the  ore  being  taken  by  burros  and  wagons  to  Ouray.  The 
lode  is  iri-egular  and  is  not  extensively  worked. 

The  Early  Bird,  on  the  north  slope  of  Houghton  Mountain,  is  on  a 
small  and  irregular  vein  striking  N.  12°  E.  and  dipping  75°  to  the 
east.  The  ore  is  tetrahedrite  and  a  little  galena  in  a  gangue  of  quartz, 
which  is  in  paii;  a  replacement  of  the  andesitic  country  rock.  The 
tetrahedrite  carries  as  much  as  300  ounces  of  silver,  and  gold  up  to  7 
ounces  per  ton  is  occasionally  met  with  in  small  amounts.  The  pros- 
pect has  produced  11  carloads  of  ore  ranging  in  value  from  $19  to  $100 
a  ton.  East  of  the  Early  Bird  are  two  prominent  lodes  striking 
about  northeast,  one  of  which,  the  Denver,  has  produced  a  little  ore. 

The  London,  formerly  worked  through  a  shaft  near  the  road,  north 
of  Houghton  Mountain,  is  now  abandoned.  It  is  reported  to  have 
produced  some  ore  carrying  3  ounces  of  gold  per  ton. 

LODES  OF  HENSON  CREEK. 

General. — In  the  northeast  corner  of  the  quadrangle  are  several  old 
locations,  some  of  which  have  produced  ore  in  considerable  quantity, 
but  at  llu»  present  time  active  work  is  limited  to  prospecting  on  a 
small  scale. 

FrfUik  Hough  mine. — This  mine,  situated  in  American  Flats,  under 
the  northern  slope  of  Engineer  Mountain,  began  work  early  in  1882 
on  large  and  irregular  bodies  of  argentiferous  and  auriferous  copper 
ore.  During  1S82  the  mine  was  worked  through  a  shaft  250  feet  deep, 
with  drifts  at  50,  80,  140,  and  200  feet  below  the  surface.     The  lower 
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drift  was  run  nearl}^  GO  feet  in  solid  ore  and  100  tons  were  extracted 
in  running  it.  During  this  year  some  GO  tons  of  ore  were  shipped, 
carrying  from  50  to  GO  ounces  of  silver  and  25  to  27  per  cent  copper. 
The  gold  varied  from  a  trace  up  to  about  one-fourth  ounce  per  ton. 
A  road  was  built  to  the  mine  and  a  great  production  was  looked  for. 
When  the  shaft  had  reached  a  depth  of  350  feet  the  mine  buildings 
were  destroyed  by  fire  and  the  mine  has  since  lain  idle.  In  all  about 
2,000  tons  of  high-grade  copper  and  silver  ore  were  shipped.^  From 
the  accounts  of  Mr.  J.  S.  Hough,  who  oi)erated  the  mine,  the  ore  Ixxly 
seems  to  have  been  an  irregular  impregnation  or  rephicement  deposit 
alongside  a  fissure.  The  country  rock  is  a  fine-grained,  soft,  tuffa- 
ceous  sandstone,  i)robably  of  andesitic  origin.  Near  the  ore  Ixniy  it 
is  hardened  and  impivgnated  with  pyrite.  This  material,  when  thrown 
on  the  dump,  weathers  to  a  soft,  crumbling  mass,  stained  with  the 
carbonates  of  copper.  The  strike  of  the  fissure  is  N.  23°  E.,  and  the 
dip,  according  to  Mr.  Hough,  about  45°  to  the  west. 

Judging  from  specimens  collected  on  the  dump,  the  ore  of  the  Frank 
Hough  consists  chiefly  of  chalcocite,  often  intimately  intergrown  with 
quartz,  associated  with  a  little  chalcopyrite.  There  is  possibly  some 
tetrahedrite  present  with  the  chalcocite. 

Palmetto  mine. — This  mine,  about  1  mile  northeast  of  Engineer 
Mountain,  is  on  the  continuation  of  the  Polar  Star  lode,  which  here 
has  a  strike  of  N.  23°  E.  and  a  dip  of  75°  to  the  southeast.  It  was 
originally  owned  by  J.  S.  Hough,  who  stated  that  the  ore  in  the  old 
workings,  n(*ar  the  surface,  resembled  that  in  the  PohirStar,  and  con- 
sisted chiefly  of  argentite  and  ruby  silver.  It  sometimes  ran  as  high 
as  $500  per  ton.  Several  carloads  of  this  rich  ore  were  shipped  about 
1878.  llesubsequcntly  sold  the  mine,  and  a  vertical  three-compartment 
sliaft  was  sunk  cast  of  the  vein  to  a  dcptli  of  400  or  500  feet,  with  the 
int<'ntioii  of  cutting  thr'  oi'(^  body  at  a  depth  of  a  few  hundred  feet. 
The  ore  t'l-om  this  shaft  contain(Ml  much  iron  pyrite  and  was  low 
gi-adc.  In  1SSl>  a  lo-stainj)  mill  was  ci-cctcd  on  Henson  Ci*eek,  a  mile 
below  the  mine,  and  the  ore  treated  by  cldorination.  Tht»  mine  durini: 
this  yea!-  was  workinir  hve  levels,  and  produced  >?l-t,S40.  It  shortly 
aftei-wards  clo>e(l.  In  the  ^Nlint  repoil  Coi*  IS'jl  it  is  credittnl  with  a 
pi'oduet  of  •':^!», "><)♦'»,  wliieji,  if  tiMie,  indicates  a  teniporaVy  resumption  of 
activity  in  tliat  year.  The  total  output  is  not  known.  The  mine  ha> 
l)een  idle  sexciai  \ears  and  th«'  mill  is  <lisinant  led. 

Specimens  of  ihr  oi-r  and  xcin  matter  obtained  on  the  dump  resem- 
ble some  of  tho>e  fi'om  the  Polar  Star.  It  has  been  hi'ecciat*^!  at  lea^T 
once  and  h«'aled  with  comp.irat  i\  oly  l>arren  wjiite  (juartz.  Small  vuirs 
lincil  wit  h  (juarl/  crystals  ar«'  rommon.  The  count  i-y  rock  is  andesitc. 
and  is  e\i(hnt  Iv  coii^i(h*ral>ly  imj»rcL:natcd  with  j>yi'ite  and  chalco- 
jiyritc  near  t  he  \  fin. 

I)()ll  II  V(i  nh  I,  ,'■"'/  .      Til"-  |i;-. -ii.  .-, .  -:« i!;ii.-.|  in  I  )olly  Vardon  (iulcli, 

Mvr.ii  ••..inn, u;.i<-...  <•  i         lu  ."^vr.  .  ..-    \V..\      .    ,      ,,  .-.      :.    ;.,•  .»;  Mirvt-yor  ni"  Lakt*  City. 
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was  producing  copper  and  silver  ore  as  early  as  1878.  The  lode,  as 
revealed  on  the  surface,  is  a  sheeted  zone  in  an  araygdaloidal  andes- 
ite.  The  fissures  comprising  this  zone  contain  very  little  quartz,  and 
the  only  ore  seen  on  the  surface  consisted  of  the  carbonates  of  copper 
disseminated  through  the  amygdaloid.  Good  ore,  consisting  of  tetra- 
hedrite  with  some  *' brittle  silver,"  is  said  to  have  been  taken  from  a 
shaft  sunk  on  the  lode.  A  crosscut  tunnel  GOO  to  700  feet  in  length 
was  run  lower  down  in  the  gulch,  but  did  not  reach  paying  ore.  The 
dump  of  this  tunnel  shows  some  chalcopyrite  deposited  in  a  breccia 
zone  in  the  andesite.  The  average  strike  of  the  D0II3'  Varden  lode  is 
nearly  north  and  south,  with  an  easterly  dip. 

Other  prospects. — On  Copper  Mountain  the  John  J.  Crooke,  Big 
Horn,  and  other  prospects  have  been  worked  intermittently  for  many 
years  and  have  produced  some  ore,  chiefly  argentiferous  bornite  and 
"chalcocite  (stromeyerite),  with  a  little  galena  and  some  native  silver, 
in  a  gangue  often  containing  considerable  calcite.  The  strike  of  these 
lodes  is  usually  a  little  east  of  north,  with  steep  easterly  dips.  The 
country  rock  is  andesite. 

Other  prospects  have  been  opened  in  a  small  way  in  the  gulches  and 
basins  south  of  Henson  Creek.  These  are  chiefly  galena  ores,  carry- 
ing some  silver  and  a  little  gold,  in  andesite  country  rock. 

LODES  OF  POUGHKEEPSIE  GULCH. 

General. — There  is  no  reason,  other  than  that  of  convenience,  for 
separating  these  veins  as  a  whole  from  those  about  Mineral  Point,  of 
which  they  are  in  many  cases  the  direct  continuation.  Formerly  the 
scene  of  busy  activity,  the  gulch,  with  the  exception  of  two  or  three 
prospectors,  was  deserted  when  visited  in  1890.  The  first  location  was 
the  Poughkeepsie  claim,  staked  by  R.  J.  McNutt  in  1874.  In  1879  min- 
ing was  actively  proceeding  in  several  claims.  A  road  was  built  fmm 
Cement  Creek  to  the  head  of  the  gulch,  and  lixiviation  works  \n  «  o 
erected  at  Gladstone  to  treat  tlie  ore.  Since  1890,  however,  the  onl}- 
work  (lone  has  be(»n  desultory  prospecting  on  a  small  scale. 

In  general  the  longer  fissures  have  trends  varying  from  N.  .'^0°  K. 
to  N.  r)()  E.,  with  southeast(»rly  dips.  But  they  are  sometimes  cuivkI 
and  irregular,  and  near  Lake  Conio  occurs  the  most  remarkable  group 
of  lai'g<%  closely  spaced  lodes  to  be  found  in  the  quadrangle.  An 
observer  standing  on  the  north  side  of  the  lake  may  count  at  least  \\\i} 
prominent  veins  running  down  the  steep  slopes  to  the  south  and  west 
and  passing  beneath  the  deep  blue  water  of  the  tarn.  At  the  point 
now  occupied  by  the  latter  the  fissures  were  deflected  sharply  east- 
ward, and  from  the  eastern  side  of  the  lake  four  prominent  lodes  and 
many  smaller  ones  converge  at  a  ])oint  on  the  ridge  separating  the 
head  of  Poughkeepsie  from  California  Gulch.  In  addition  to  these, 
numerous  other  lodes  come  in  through  the  saddle  connecting  with 
Ross  Basin  and  converge  toward  the  same  point  on  the  ridge.     The 


192         ECONOMIC   GEOLOGY  OF   SILVEBTON   QUADRANGLE.     [BULi^Itt 

result  is  a  very  interesting  complex,  which  is  represented  as  faithfully 
as  possible  on  the  map.  But  in  addition  to  the  lodes  shown,  the  rocks 
in  this  vicinity  are  traversed  by  innumemble  small  veins  and  fissures 
which  can  not  be  indicated  on  so  small  a  scale.  Those  shown  are 
chiefly  strong  massive  veins  of  white  quartz,  sometimes  inelnding 
considerable  country  rock,  usually  carrying  a  little  rhodonite  or  rho- 
dochrosite,  and  not  showing  much  evidence  of  mineral  wealth.  They 
frequently  branch  and  are  linked  together  by  smaller  fissures. 

In  the  saddle  between  Lake  C'omo  and  Ross  Basin  the  remarkably 
thorough  manner  in  which  the  rock  l)etween  the  main  fissures  has 
been  sheeted  is  beautifully  shown.  This  minor  sheeting  is  generally 
parallel  in  strike  with  the  larger  lodes.  At  the  particular  point  where 
the  structure  was  best  shown,  these  sheeting  planes  dip  westerly  at 
about  00°.  As  many  as  50  of  them  may  fi'equently  be  counted  withiu 
a  width  of  a  foot.  There  has  been  some  infiltration  of  quartz  along 
these  minute  planes  of  fracture,  which  causes  them  to  stand  out  as 
little  parallel  ribs  on  weathered  surfaces.  The  appearance  in  the 
western  part  of  the  saddle  is  as  if  a  series  of  finely  laminated  cherty 
sediments  had  been  tilted  up  at  a  high  angle.  The  local  strike  of  this 
sheeting  is  about  N.  35°  E.,  but  it  is  sometimes  disturbed  by  later 
cross  fractures.  No  regularity  or  rhythm  could  be  detected  in  the 
spacing  of  thes(j  minor  sheeting  planes.  The  country  rock  is  appar- 
ently andesite,  but  too  altered  and  decomposed  for  certain  identifica- 
tion.    It  may  be  rliyolitic. 

Faulting  was  not  (letect«Ml  along  any  of  the  fissures  about  Lake 
Conio.  Study  of  theni  was,  however,  necessarily  confined  to  the 
surfaces 

Old  Loui  (ind  Forfsf  mines. — These  properties,  situated  a  mile  and 
a  ([uarter  due  west  of  Mineral  Point,  being  closely  connected,  will  be 
described  together.  The  Old  Lout  was  located  about  1870.  Shortly 
afterwards  it  sold  for  *10,(H)0  and  l)eeaiu<',  in  the  years  of  its  activity, 
the  most  important  mine  in  tin'  guleli.  It  has  produced  between 
s:K)(V)UO  and  s4(H),n()n  worth  of  rich  silver  ore,  containing  bismuth. 
.Veeordingto  the  Mint  r(»])orts.  about  J<2()i>,n(ji)  of  this  amount  was  pn> 
dueed  in  1SS4,  in  which  year  the  mine  was  tlie  largest  producer  in  the 
county.  It  employed  about  .'](>  men,  raising  scune  5  tons  of  ore  i>or 
<lay.  In  isso  it  was  sold  to  a  Loudon  (•onij)any  for  8-00,()()0,  and  in 
1SS7  it  is  credited  with  a  i)i-oduct  of  -^sr,, »;;)!.  The  new  owners  ran  a 
tunnel  some  l,s()(if«M't  in  lenirth,  from  the  bottom  of  the  gulch,  but 
nevei-  found  the  i-icli  ore  which  had  rendei'cd  the  upper  workings  prof- 
itable, and  al)out  the  yeai*  is'.io  operations  were  abandoned.  The 
tunnel  house  and  the  niaehin«'ry  were  sul)se<|uently  destroyed  by  liiv. 

The  upper  workinirs  wei-e  exploiicd  by  means  of  a  shaft  of  unknown 
de[)th,  which  in  is*.'*.'  was  n«)  lonpT  safel\  a<'ccssible.  The  lower  tun- 
nel. ])einir  partly  cave(l  and  liUed  wiih  a  st  loniudy  flowing  stivani  of 
u;i/e2-,  can  not  now  be  entered.     The  (H'<'wliieli  came  from  it  indicates 
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a  strong  and  well-mineralized  IcKie  carrying  galena,  sphalerite,  chal- 
copyrite,  pyrite,  and  a  little  marcasite,  rather  equally  distributed  in 
a  gangue  of  quartz  with  a  little  barit^.  This  ore  is,  presumably,  low 
grade.  Fragments  on  the  dump  show  that  a  part  of  the  lode  con- 
sists of  brecciated  and  altered  country'  rock  (rhyolite  flow-breccia) 
cemented  by  quartz.  The  richest  ore  of  the  Old  Lout  is  said  to  have 
been  bismuthiferous,  in  which  case  it  is  probable  that  an  argentifer- 
ous sulphobismuthite  of  lead  occurred  in  this,  as  in  other  lodes  in 
Poiighkeepsie  Gulch. 

The  Forest  mine  was  worked  through  a  vertical  shaft  only  a  few 
hundred  feet  east  of  the  Old  Lout  shaft.  Through  this  it  was  pos- 
sible in  1809  to  gain  access  to  an  upper  level  200  feet  below  the 
surface.  The  Forest  lode  here  strikes  N.  TO''  E.  and  dips  south  at 
about  70°.  It  consists  of  stringers  of  ore,  without  much  quartz,  trav- 
ersing altered  country  rock.  These  stringei'S  are  irregular,  sometimes 
expanding  to  2  or  3  feet  of  nearly  solid  ore  with  included  fragments 
of  country  rock,  and  again  contracting  to  narrow  veinlets.  The  ore 
is  adherent  to  the  country  rock  and  the  lode  is  without  regular  walls. 

The  ore,  as  seen  in  this  drift  and  in  the  ore  house,  consists  of  tetra- 
hedrite,  pyrite,  galena,  sphalerite,  and  chalcopyrite,  in  a  gangue  of 
quartz  and  barit^.     The  Forest  mine  was  never  a  profitable  producer. 

The  exact  course  of  the  Old  Lout  lode  could  not  be  determined  on 
the  ground,  but  it  is  more  nearly  northeast  and  southwest  than  the 
Forest.  The  two  lodes  come  together  southwest  of  the  shafts,  and  at 
this  junction  occurred  the  rich  bismuthiferous  ore  which  made  the 
Old  Lout  profitable.  The  lodes  are  said  to  have  dipped  toward  each 
other,  the  Forest  at  a  lower  angle  than  the  Old  Lout.  If  this  is  true, 
the  dip  observed  at  the  200-foot  level  of  the  Forest  is  not  the  general 
dip  of  the  lode. 

The  country  rock  of  the  Old  Lout  and  Forest  is  a  rhyolite,  but  so 
much  altered  in  proximity  to  the  ore  bodies  as  to  be  scarcely  recog- 
nizable. A  si:)eeimen  taken  7  feet  from  the  Forest  lode  on  the  200- 
foot  level  is  completely  recrystallized  and  consists  of  a  finely  crystal- 
line aggregate  of  quartz  ai)d  sericite  impregnated  with  minute  crystals 
of  pyrite  and  galena.  As  seen  in  thin  section  under  the  microscope, 
the  sericite  (and  possibly  some  kaolin)  occurs  in  irregular  areas  with- 
out definite  boundaries,  and  also  scattered  through  the  rock  amid  the 
quartz  grains. 

Mdid  of  the  Mist  mine. — This  mine,  which  has  apparently  been  idle 
for  many  years,  lies  a  few  hundred  yards  northeast  of  the  Old  Lout 
and  Forest  shafts.  The  workings  comprise  an  inclined  shaft  of 
unknown  depth  and  two  tunnels,  one,  a  crosscut,  cutting  the  lode 
about  loO  feet  below  the  surface.  The  strike  of  the  vein  is  about  N. 
25^  E.,  and  it  dips  southeast  about  05°.  It  has  been  drifted  upon  and 
stoped  from  several  levels.  In  the  northeast  portion  of  the  workings 
it  is  a  solid  vein  of  quartz  18  inches  to  2  feet  in  width,  containini^ 

iinll.  182—01 13 
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fragments  of  altered  rhyolitic  c6iintry  rock  and  ore  which  is  appar- 
ently of  low  grade.  Toward  the  southwest  the  vein  has  been  dis- 
turbed by  post-mineral  movement  and  is  accompanied  by  crushed 
wall  rock  and  soft  gouge.  The  course  of  the  vein  would  caiiy  it  into 
the  Old  Lout  shaft,  and  it  is  probable  that  both  mines  are  on  the  same 
fissure. 

Alabama  mine. — This  mine,  situated  on  the  east  side  of  Pough- 
keepsie  Gulch,  about  half  a  mile  south  of  the  Old  Lout  tunnel,  is 
commonly  supi)osed  to  be  on  the  same  lode  as  the  Old  Lout,  the  strike 
of  the  Alabama  lode  being  N.  35°  E.  The  dip  is  southeast  at  70^ 
although  locally  variable.  In  general  character  the  lode  resembles 
that  seen  in  the  accessible  portion  of  the  Forest  workings,  but  it  is 
more  irregular  and  shows  less  ore.  It  is  essentially  an  irregular 
stringer  le<ad,  passing  sometimes  into  a  breccia  of  country  rock 
cemented  by  quartz  and  sometimes  dwindling  to  a  few  narrow  and 
tight  stringers.  The  country  rock  is  rhyolite  flow-breccia.  Consid- 
erable prospecting  has  been  done  by  tunnels,  drifts,  and  winzes,  but 
apparently  no  ore  was  stoped.  The  mine  has  been  long  idle.  On  the 
other  side  of  the  gulch  some  work  has  been  carried  on  upon  the  same 
vein,  which  here  appears  to  dip  about  60°  to  the  southeast  and  shows 
similar  ore. 

The  ore  of  the  Alabama  consists  of  galena,  chalcopyrite,  and  pyrite, 
in  a  gangue  consisting  of  quartz  and  barite. 

PoiKjhkeepsie  mine. — This  property  is  situated  half  a  mile  up  the 
gulch  from  tlie  Ala])ania  and  on  the  same  side.  It  was  located  in 
LS74  and  has  producMMl  in  all  about  812, ()(H).  The  strike  of  the  vein  i^ 
N.  02'  K.,  and  it  is  praetically  vertical.  It  is  astrouix  and  appai'eutly 
fairly  simple  vein,  frozen  to  the  walls  of  rhyolitic  fiow-breceia.  It 
])roducc(l  a  silviM*  ore  carryinu:  bismuth.  The  pyrite  in  the  vein  is  also 
said  to  luivc  carried  ^ood  values.  'I'hc  tctrahedi'itc,  on  the  contrary, 
was  poor  on\  Ari^cntite  is  rcpoitcd  ^  asoccui'ring  in  the  ore  as  niineil 
in  is?-').  The  mine  was  worked  thiouich  two  tunn(ds.  It  has  Ix^eii 
idle  since  isiil  and  ins])cction  was  conlinc(l  to  the  surface. 

The  oi'c  in  the  bins  showed  chalcopyrite,  pyrite,  and  telrahedrite  in 
a  ({uartz  gangue. 

Anutilor  iniiK  . — This  mine,  formerly  worked  throuixh  two  tunnels. 
lies  on  the  west  side  of  the  t^nilch.  It  was  deserted  in  18i»0  and  liltie 
c<)uld  be  ascertained  of  its  history  oi*  product.  The  lower  tunnel  wa> 
orJLrinally  I'un  in  on  a  small  vein  strikinir  N.  -^^  K.,  but  it  soon  uirn> 
and  cuts  a  vein  of  which  tluM-ourse  is  X.  so  W.  This  vein  dips  north 
al)oul  1)0  and  is  a  solid  and  fairly  i-euular  but  not  heavily  niinenil- 
ize(l  mass  of  (piartz.  The  lode  has  been  stoped  and  a  shaft  sunk 
from  the  di-ifl,  e\  idently  sonu'  years  iv^o.  11ie  upj)er  tunnel,  100  iVet 
above,  is  I'un  «lii*ectly  on  the  main  lode,  which  is  here  nearly  vertical, 
and  shows  fi-om  .">  to   ">   feot   of  solid  white  <[uartz  in  the  eroppiuirs. 

'  liuyiuitiKl:  Miuoru\  Ul'suuvvvs  \\v>s\  v>\:  lUv  K<.cky  M«>nntaius.  lj<75.  i)p.  383-3^. 


RANSOME.]  LODES   OF  POUGHKEEPSIE   GULCH.  195 

The  countn'  rock,  which  is  rhyolitic  flow-breccia,  of  rather  andesitic 
aspect,  is  sheeted  and  traversed  by  veinlets  parallel  to  and  for  a  dis- 
tance of  several  feet  from  the  large  lode.  A  small  mill,  equipped  with 
crusher  and  rolls  and  run  by  water  power,  was  formerly  operated  at 
the  mouth  of  the  upper  tunnel. 

Saxon  rnhie, — This  lode  is  apparently  the  same  as  that  first  followed 
in  the  lower  tunnel  of  the  Amador.  Its  strike  is  N.  30°  E.,  with  a 
steep  southeast  dip.  The  mine  was  working  in  1879,  and  in  1890  is 
credited  with  a  production  of  over  130,000.  The  workings  were  not 
accessible  in  1899.  The  ore  on  the  dump  showed  galena,  sphalerite, 
tetrahedrite,  chalcopyrite,  and  pyrite,  in  a  quartz  gangue. 

Alaska  mine. — Situated  about  a  third  of  a  mile  a  little  north  of 
west  from  Lake  Como,  this  mine  is  best  known  from  the  occurrence 
in  it  of  an  argentiferous  galenobismuthite  named  alaskaite  by  Koenig.* 
The  mine  was  working  in  1879,  and  in  1881,  when  Professor  Koenig 
collected  his  specimens,  had  two  adits.  The  alaskaite  occurs  with 
tetrahedrite  and  chalcopyrite  in  a  gangue  of  quartz  and  barite,  the 
latter  being  abundant  in  the  richer  ore.  Zinc  blende  and  galena  were 
not  seen  by  Koenig,  but  they  are  abundant  on  the  dump  and  in  por- 
tions of  the  lode  now  accessible.  Kaolin  also  was  noted,  intimately 
associated  with  the  ore  minerals.  In  1887  the  Mint  reports  credit  the 
mine  with  a  production  of  $35,658,  but  in  1888  it  was  not  producing. 
I  was  informed  on  reliable  authority  that  about  $90,000  had  been  pro- 
duced in  all,  chiefly  from  one  large  pocket.  The  Alaska  lode  strikes 
about  N.  75°  E.,  with  a  dip  of  about  75°  to  the  southeastward.  At 
least  three  veins  intersect  at  or  near  the  old  shaft  through  which  the 
mine  was  worked;  and  another  lode,  the  May  Belle,  which  has  been 
superficially  prospected,  lies  just  west  of  and  nearly  parallel  with 
the  Alaska  lode.  All  these  lodes  carr^^  some  rhodonite  and  Thodo- 
chrosite  crystallized  with  the  quartz.     The  country  rock  is  andesite. 

Ill  1900  the  mine  was  being  reopened  and  it  was  possible  to  see 
something  of  the  old  workings,  although  still  partly  filled  with  ice. 
Like  many  other  lodes  in  this  region,  the  Alaska  is  less  prominent 
under  ground  than  tlie  cropi)ings  would  indicate.  It  contains  much 
altered  counlry  rock  traversed  by  stringers  of  quartz.  It  is  in  the 
soft  altered  country  rock,  near  the  quartz,  that  the  richest  ore, 
alaskaite,  occurs  as  bunches  of  varying  size.  Pieces  of  this  ore  may 
carry  as  much  as  3,000  ounces  of  silver  per  ton.  The  solid  vein 
quartz,  on  the  other  hand,  is  low  grade,  carrying  pyrite,  galena,  sphal- 
erite, and  some  tetrahedrite,  associated  with  rhodonite,  barite,  and 
rhodochrosite. 

No  ore  was  extracted  from  the  main  workings  in  1900,  but  good 
bisnuithiferous  ore,  in  small  bunches,  was  being  taken  out  from  a 
lower  t  unnel  on  tlic^  Acapulco  claim,  which  joins  the  Alaska  claim  on 
the  east  and  is  under  the  same  ownership. 

1  Proc,  Am.  Philos.  Soc.,  Vol.  XIX,  pp.  472-477;  also  Vol.  XXn,p.  8U, 
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Bonanza  mine, — In  1879  this  mine  was  opened  on  the  north  side  of 
Lake  Corao,  through  a  tunnel  250  feet  in  length,  and  is  said  to  have 
produced  an  ore  carrying  gray  copper  (tetrahedrite)  and  barite.  In 
1881  it  was  reported  that  700  tons  "of  tetrahedrite  and  galena  ore  had 
been  extracted  and  piled  on  the  dump,  and  in  1883  some  700  feet  of 
development  work  had  been  accomplished.  The  lode  was  also 
exploited  by  a  small  shaft  near  the  edge  of  Lake  Como.  No  great 
amount  was  produced  and  the  property  has  been  idle  since  1800.  The 
ore  seen  on  the  dump  in  1899  showed  galena,  sphalerite,  pyrite,  chal- 
copyrite,  and  tetrahedrite,  in  a  gangue  of  quartz,  barite,  and  a  little 
rhodonite.  The  tetrahedrite  appeared  to  be  closely  associated  with 
the  barite.  The  ore  shipped  is  reported  to  have  carried  from  40  to  45 
ounces  of  silver.  There  are  several  other  idle  prospects  about  the 
lake,  but  they  present  no  features  meriting  special  description.  A 
project  was  at  one  time  set  on  foot  to  drain  the  lake  by  a  tunnel,  in 
order  to  secure  the  rich  *' float  "which  it  was  supposed  would  be 
found  in  its  bottom.  Fortunately  for  the  projectors  and  for  the  lovers 
of  the  picturesque,  this  scheme  fell  through. 

Other  mines  and  prospects, — The  Red  Rogers  claim  is  on  a  very 
prominent  lode  just  southwest  of  Lake  Como  and  crossed  by  the 
trail  from  the  lake  to  Cement  Creek.  This  j^roperty,  which  was  well 
known  in  the  early  eighties,  has  been  idle  for  some  years.  It  was 
developed  by  surface  cuts  and  one  or  more  small  tunnels,  and  proba- 
bly never  produced  much  i)aying  ore.  The  course  of  the  lode  is  X. 
43°  E.,  with  nearly  vertical  dip.  It  is  the  most  westerly  of  the  numer- 
ous large  lodes  that  converge  from  the  south  toward  the  lake.  It 
does  not  appear  to  reach  the  latter,  however,  as  it  curves  strongly 
eastward  just  north  of  the  Red  Rogers  cabin  (which  is  on  the  crop- 
pings),  and  joins  the  Seven  Thirty  lode.  The  Seven  Thirty  lode  is 
one  of  the  strongest  and  most  ])ersistent  lodes  of  this  region.  Its 
course  is  about  X.  So°  E.  The  dip  is  approximately  vertical.  Toward 
the  west  the  lode  passes  over  the  ridge  into  (xrcy  Copper  Gulch. 

LODES  OF  THE  UNCOMPAHGRE  CANYON. 

General. — The  Unconiphagre  River,  below  the  mouth  of  Pough- 
keepsie  Gulch,  has  cut  the  greater  pai't  of  its  picturesque  gorge  di*ep 
into  the  Algonkian  schists.  The  San  Juan  andesitic  breccias  rest 
upon  tlie  uneven  eioded  surface  of  tluNse  schists,  slates,  and  quartz- 
iles,  and  tower  in  h)fty  cliirs  above  the  river.  These  cliffs  are  trav- 
ersed by  fractur(\s  and  veins,  which  are  i)articularly  conspicuous 
when  tlK'V  cut  the  San  Juan  breccias.  I'he  clilT  faces  of  the  latter 
are  sometimes  directly  due.'  to  the  falling  away  of  great  masses  of 
rock  along  one  of  these  fracture^  planes.  Some  of  the  fractures  carr\' 
ore,  and  ha\e  been  w^orked  with  varying  succoss. 

Micfuwl  Br<  (  n   mim  . — This  mine,   more   familiarly  known   as  the 
Miaky  iireen,  is  ou  a  suuvW,  wviivvVN;  v-wst-and-west  lode   (N.  85^  W.) 
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dipping  about  85°  to  the  north.  The  mine  has  been  quite  extensively 
worked  through  five  tunnels.  Most  of  the  pay  ore  has  been  extracted 
from  the  four  upper  tunnels.  The  lower  one  was  a  more  ambitious 
venture,  opened  in  connection  with  a  mill  in  an  attempt  to  work  the 
property  on  a  large  scale.  Although  the  lode  has  produced  some 
good  ore,  it  is  doubtful  whether  it  is  sufficiently  abundant,  or  accom- 
panied by  enough  lower-grade  ore,  to  justify  an  extensive  plant. 
The  Mint  reports  credit  the  mine  with  a  total  product  of  $105,751 
during  the  years  1890-1892.  In  1899  the  second  and  nearly  third 
levels  above  the  mill  adit  were  being  worked  by  Italian  leasers  at  a 
ver}'  small  profit.  The  country  rock  is  the  andesitic  breccia  of  the 
San  Juan  formation. 

The  lode  filling  is  usually  less  than  a  foot  in  width  and  frozen  to  the 
walls.  It  is  accompanied,  however,  by  considerable  parallel  sheeting 
and  veining  of  the  adjacent  country'  rock,  and  the  lode  itself  contains 
thin  sheet-like  horses.  The  fissures  are  clean  cut,  regular,  and  quartz 
filled,  carrying  greater  or  less  amounts  of  ore.  Where  stoped  in  the 
upper  of  the  two  tunnels  worked  in  1899,  the  lode  consists  of  numer- 
ous small  stringers,  frozen  to  the  country  rock  and  separated  by  thin 
sheets  of  the  latter.  It  is  an  excellent  example  of  a  deposit  filling 
empty  spaces  in  a  sheeted  zone  of  much  regularitj'.  The  pay  streak 
is  usually  onl}^  a  few  inches  wide  and  lies  on  the  south  wall  of  the 
vein.  It  carries  tetrahedrite,  galena,  sphalerite,  pyrite,  and  chalco- 
pyrite.  The  tetrahedrite  is  not  rich  in  silver.  Small  vugs  and  comb 
structure  are  common,  often  with  crystals  of  tetrahedrite  and  rhodo- 
chrosite  projecting  with  the  quartz  into  the  open  spaces.  The 
country  rock  is  impregnated  with  pyrite  and  chalcopyrite,  but  is 
sharply  distinguishable  from  the  vein  filling.  Fluorite  was  not^d  on 
the  dump  of  the  uppermost  tunnel. 

The  Micky  Breen  lode  is  crossed  by  a  conspicuous  system  of  approx- 
imately parallel  fissures  striking  about  N.  20°  W.  and  dipping  east 
about  80°  to  85°.  These  fissures  usually  carry  small  quartz  veins,  often 
showing'  comb  structure.  Two  narrow  and  conspicuous  zones  of 
sheeting,  accompanied  by  considerable  veining,  one  striking  N.  20° 
AV.  and  tlie  other  X.  7^  \V.,  are  indicated  on  the  map.  These  con- 
vei'ijc  toward  the  north  and  form  the  lode  of  the  Silver  Link  mine, 
and  j)()ssibly  also  the  Silver  Queen  lode,  in  Hear  Canyon,  on  the  north- 
ern border  of  the  quadrangle.  The  relation  of  these  fissures  to  the 
east-and-west  Micky  Hreen  lode  could  not  be  determined. 

Th<*  Micky  Breen  mill,  on  the  Tncompahgre  River,  is  equipped  with 
a  l>lake  crusher,  2  sets  of  rolls,  1  5-foot  Huntington  mill,  trommels, 
and  7  4-foot  Frue  vannera.  It  was  run  by  water  power  and  steam. 
Tlie  mill  had  been  idle  some  time  when  visited  in  1899. 

Hdppij  Jack  mine. — This  property  is  situated  just  west  of  the 
Micky  B  reen,  and  apparently  on  the  same  vein.  It  at  one  time  shipped 
a  little  or(»  and  then  erected  a  mill,  but  the  ore  gave  out.     Mine  and 
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mill  were  abandoned,  and  in  1899  the  workings  were  not  accessible. 
The  mill  is  equipped  with  roasting  furnace,  crusher,  two  sets  of  Tolls, 
trommels,  three  sets  of  mixing  troughs,  and  vats.  The  ore  was  appar- 
ently treated  by  the  Augustin  or  a  similar  process. 

Silver  Ldnk  mine. — ^This  mine  is  situated  on  the  east  side  of  the 
canyon,  about  a  mile  north  of  the  Micky  Breen  lode.  Its  principal 
adit  is  a  crosscut  tunnel  1,700  feet  in  length.  The  course  of  the  lode 
is  about  N.  12°  W.  It  is  nearly  vertical.  This  tunnel  was  ran  in  the 
early  eighties.  According  to  the  Mint  reports,  the  total  product  of 
the  mine  for  the  years  1888,  1890,  and  1891  was  nearly  $50,000.  The 
mine  had  been  idle  since  1873,  but  was  reox)ened  in  1899. 

The  tunnel  mouth  is  in  Algonkian  quartzite  and  schist,  but  the  cross- 
cut  soon  passes  into  the  overlying  San  Juan  breccia.  The  latter  lies 
upon  a  clean  and  very  uneven  erosion  surface,  showing  local  varia- 
tions in  relief  to  the  extent  of  KX)  feet  or  more.  Sometimes  a  breccia 
of  schist  and  quartzite  fragments  mingled  with  andesitic  material 
rests  directly  upon>the  Algonkian  and  grades  upward,  withont  break, 
into  the  typical  andesitic  San  Juan  breccia.  There  is  no  trace  of 
movement  or  mineralization  along  this  contact  plane. 

The  lode  is  a  sheeted  zone,  20  feet  or  more  in  width.  The  ore  is 
chiefly  bornite  and  tetrahedrite,  carrying  silver  and  chaloopyrite,  and 
occurs  as  bunches  along  some  one  of  the  fissures.  It  is  found  in 
quartz,  which  is  largely  silicified  San  Juan  breccia.  It  contains  from 
20  to  30  x)er  cent  of  copper  and  sometimes  as  much  as  300  ounces  of 
silver  per  ton.  The  best  ore  is  said  to  occur  in  solid  quartz.  There 
has  been  considerable  post-mineral  movement  along  the  lode,  result- 
ing in  soft  gouge,  and  where  the  disturbance  is  pronounced  it  is 
regaKled  as  unfavorable  for  ore.  The  ore  usually  occurs  near  the 
west  (called  the  foot)  wall,  but  it  is  far  from  continuous.  The  coun- 
try rock  on  both  sides  of  the  lode  is  traversed  by  numerous  parallel 
fissures,  along  which  there  has  frequently  been  some  late  movement, 
as  attested  by  the  presence  of  wet  clay  gouges. 

An  old  shaft  was  sunk  on  the  lode  for  00  feet  below  the  tunnel 
level,  but  apparently  did  not  reach  the  bottom  of  the  andesitic  breccia. 
Thus  it  is  impossible  to  gain  from  this  occurrence  any  light  on  the 
important  question  of  what  changes,  if  any,  take  place  in  an  ore- 
bearing  lode  as  it  parses  from  the  Tertiaiy  bivccia  to  the  Algonkian 
schist.  In  1000  this  old  shaft  was  being  reopened,  and  it  is  possible 
it  may  be  carried  down  into  the  schists. 

The  country  rock  in  the  vicinity  of  the  Silver  Link  mine  is  inter- 
sected bj'  numerous  fissures,  with  a  general  trend  of  a  few  degnM?s 
west  of  north,  and  therefore  approximately  parallel  with  the  Silver 
Link  vein.  Many  of  tliese  lissures  can  be  seen  extending  southwani 
across  the  Uncompahgre  to  Mount  Abrams.  Their  average  strike,  as 
seen  on  the  surface,  appeared  to  be  about  N.  5°  W.  Their  dip  is  dif 
to  85°  to  the  east.    At  U\e  \wu\e  Uiese  fissures,  which  do  not,  as  a  rule, 
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carry  coiispieuoiis  lodes,  have  cut  the  San  Juan  breccia  into  huije, 
nearly  vertical  slabs  (PI.  VII),  which,  becoming  undermined  at  their 
bases,  occasionally  fall  in  chaotic  ruins  at  the  base  of  the  cliff.  A 
second  and  less  prominent  set  of  fissures,  usually  carrying  quartz 
stringers,  has  a  general  strike  of  about  N.  60°  W.  llie  relative  ages 
of  the  two  sets  of  fissures  could  not  be  determined. 

Silcer  Queen  mine. — This  is  a  small  mine  nearly  a  mile  north  of 
the  Silver  Link,  in  the  canyon  of  Bear  Creek,  and  on  the  northern 
boundary  of  the  quadrangle.  The  lode,  which  is  possibly  a  continu- 
ation of  the  Silver  Link,  here  strikes  N.  3°  E.,  and  is  practically  ver- 
tical. It  is  a  breccia  zone,  10  or  12  feet  wide,  in  San  Juan  breccia, 
with  a  clay  gouge  on  the  east  wajl.  The  pay  streak,  from  3  to  6 
feet  wide,  lies  next  the  clay  seam  on  the  east  wall.  It  is  worked 
through  a  tunnel  300  feet  in  length  and  a  4:0-foot  shaft  with  short 
drifts  below  the  tunnel  level. 

As  far  as  known,  the  ore  occurs  in  three  distinct  bodies  or  shoots, 
pitching  south.  In  such  shoots  there  is  practically  no  quartz,  the 
ore,  sometimes  with  a  little  barite,  filling  the  spaces  between  the 
fragments  of  country  rock,  which  is  altered  to  a  soft,  putty-like 
material,  locally  called  **talc,"  but  in  reality  impure  kaolin.  The 
northern  ore  shoot,  nearest  the  tunnel  mouth,  consists  of  low-grade 
copper  ore,  chiefly  chalcopyrite,  with  subordinate  galena  and  tetra- 
hedrite.  It  is  separated  from  the  next  ore  shoot  on  the  south  by 
12  or  15  feet  of  solid  quartz,  carrying  too  little  ore  to  work.  This 
second  ore  body  was  rich  in  a  bismuthiferous  silver  ore  (argentif- 
erous sulphobismuthite  of  lead),  associated  with  galena,  at  the  tun- 
nel level,  but  changed  into  chalcopyrite  in  stoping  upward.  The 
third  ore  body,  also  separated  from  the  second  by  a  mass  of  rela- 
tively barren  quartz,  is  almost  wholly  galena  ore.  South  of  this  ore 
body  the  main  lode  is  cut,  but  not  noticeablj^  faulted,  by  a  younger, 
nearly  east-and-west  vein,  carrying  galena,  chalcopyrite,  and  ziuc 
blende  and  assaying  fairly  well  in  gold.  South  of  this  intersecting 
vein  the  main  lode  is  jwor  and  grows  smaller.  It  is  to  be  noted  that 
not  sufficient  work  has  been  done  to  establish  the  fact  that  the  three 
small  ore  bodies  cut  in  the  tunnel  are  really  distinct  and  character- 
ized throughout  by  different  kinds  of  ore.  The  fact  that  the  second 
one  changiMl  into  chalcopyrite  when  followed  upwaixi  would  rather 
tend  to  negative  this  idea  of  the  characteristic  individuality  of  these 
ore  bodies. 

Post -mineral  movement  is  indicated  by  the  clay  gouge  along  the 
east  wall  of  the  vein  and  by  similar  sheets  of  gouge  within  the  vein, 
generally  nearly  parallel  to  the  walls.  Contrary  to  the  experience  on 
the  Silver  Link,  the  best  ore  is  said  to  occur  in  soft  clayey  ground. 

The  mine  was  working  a  small  force  in  1899,  the  ore  being  packed 
to  the  toll  road  on  burros  and  thence  hauled  to  Ouray  in  wagons. 
In  11)00  it  was  idle.  The  total  output  has  been  between  1^15,000  and 
*20,000. 
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Oenercil, — Under  the  above  head  it  is  proposed  to  describe  the  lodes 
of  Imogene,  Richmond,  and  Silver  basins,  Potosi  Peak,  and  other 
portions  of  tlie  Canyon  Creek  drainage  included  within  the  bounds  of 
the  Silverton  quadrangle.  The  only  really  important  mine  at  pres^Mit 
being  worked  in  this  area  is  the  Camp  Bird.  The  Revenue  tunnel, 
it  is  true,  has  its  entrance  at  Porter,  in  the  Silverton  quadrangle, 
but  the  lodes  worked  through  it  are  within  the  Telluride  quadrangh*, 
and  have  l)een  described  b}'  Purington.* 

Canyon  Creek,  from  near  Ouray  to  the  mouth  of  Richmond  Gulch, 
is  crossed  by  a  system  of  fractures  conspicuously  visible  in  the  lofty 
cliffs  of  the  San  Juan  breccia,  and  resembling  those  already  noted  on 
the  Uncompahgi'e  River.  These  fractui'es  appear  to  have  an  average 
strike  of  about  N.  35°  W.,  and  dip  steeply  northeastwartl.  They 
divide  the  San  Juan  formation  and  the  underlying  sediments  into 
huge,  nearly  vertical  slabs.  As  far  as  observed  there  is  no  visible 
vertical  disi)laeement  along  these  fissures.  They  sometimes  carrj- 
quartz  veins,  which  have  been  prospected  in  a  small  way. 

Camp  Bird  mine. — The  Camj)  Bird  lode  crosses  the  head  of  Imo- 
gene Basin,  with  a  strike  of  N.  80°  W.  and  a  dip  of  05°  to  85"  to 
the  south;  the  average  is  probably  about  70°.  Toward  the  west  the 
lode  has  l)een  traced  on  the  surface  into  Mai'shall  Basin,  and  identi- 
fied with  great  probability  with  the  Pandora  lode,  in  the  Telluride 
quadrangle.  Toward  the  east  th(^  lode  is  l(»ss  easily  followt^d  on  tin* 
surface. 

Considerable  work  had  already  ])een  done  in  Imogene  Basin  prior 
to  1880.  I>iit  no  high-grade  ore  liad  hecMi  found,  and  the  locality  had 
fallen  into  disrepute*.  The  I' na  and  (iertrnd<'  claims,  on  the  Camp 
Bird  lode,  had  been  worker!  for  silver-lead  ore,  hnt  in  IsiKj  had  been 
al)an(lone<l,  like  the  other  mines  in  the  basin.  'I'lie  ])n»sence  of  liigli- 
grade  ^ol<l  ore  was  (irst  <liscovei'e(l  by  'I'lioinas  F.  Walsh,  who  Tor 
many  yeai's  had  industi-ionsly  hs'ised  and  prospected  a  j^reat  ninnhei* 
of  claims  scattered  ovtM'  the  entire  ([nadran^jcle.  'I'he  rich  ore  was 
first  stiMick  in  the  Cam])  r>ii(l,  then  an  undeveloped  claim.  It  was 
found  by  Walsh  on  the  dump  of  thr  I'na  and  (ici'tiudc  claims,  which 
were  j)Urchase(l  by  him  in  is'.ni  t*or  s|(».()i)<».  At  the  same  time  he 
secured  control  of  practically  all  the  lodes  in  the  hasin,  much  of  tlie 
neccssai'V  sui-\eyinu"  bein^  accomplislicMl  in  the  (hM'j)  snow  of  winter. 
Tlie  f()ll()winir  >ear  d<'V«'h)i)ment  was  aeti\('ly  ])U>hed.  The  sn])stan- 
tial  tramway  connectinu'  the  mine  with  the  mill  at  the  mouth  of  the 
gulch,  "J  miles  in  h'Uizth.  was  complete*!  in  foi'ty-niiie  days.  In  is'jit 
the  vein  had  Ix'cii  opeiu'd  by  a  crosscut  tunnel  and  about  4,ni)o  tVet 
of  drift  inix.  with  stopes  extendinii'  up  to  the  old  woi'kings. 

In  r.MM>  this  tunnel   had  already  been  sup«'i'sedcd  as  the  main  adit 

^  Prflini.nnry  i-'port  <<u  t\i.'  uwuwv;:  lii-lu-ti  i«- <.f  t  Im- Trlliiritl--  <iu;n]ran.i,'lo.  Colorailo:  Ki^;ht- 
OL'iith  Ann.  K'.-j.t..  C    S.  r..'uL  >ur\.>.V\.  \V\.  \\»>- w'-V^  ^v.^. 
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by  a  much  longer  tunnel  300  feet  ])elow  it.  Thii*  is  a  crosscut  about 
2,200  feet  in  length,  driven  S.  15"  W.  It  is  furnished  with  a  single 
well-laid  track,  and  in  Octobta-  alrea<ly  connected  with  over  1,200  feet 
of  drift,  which  length  was  being  rapidly  augmented.  A  view  of  the 
surface  features  of  the  C'amp  Bird  mine  and  of  the  large  lol)e  of 
** slide- rock"  beneath  which  the  main  tunnel  is  run  is  shown  in 
PI.  XIV. 

The  country  rock  of  the  Camp  Bird  is  the  andesitic  breccia  of  the 
San  Juan  fonnation.  As  this  rock  extends  to  the  mouth  of  the  gulch 
and  some  way  down  Canyon  Creek,  it  is  probably  considerably  over 
2,000  feet  in  thickness  below  the  croppingsof  the  lode.  It  thus  insures 
practical  uniformity  of  volcanic  country  rock  to  a  rather  unusual  depth, 
and  is  so  far  favorable  to  regular  and  i)ersistent  ore  bodies. 

Nearly  all  the  ore  produced  under  the  present  ownership  has  come 
from  the  level  300  feet  above  the  new  adit.  The  lode  where  inter- 
sected by  this  crosscut  adit  is  a  mere  fracture,  the  thickness  of  a 
knife  bhide,  accompanied  by  a  few  small  quartz  stringers  on  the 
footwall  side.  The  fissure  soon  widens  to  the  east  and  west,  and  the 
lode  has  an  average  width  of  4  or  5  feet.  When  typically  developed 
it  is  a  sheeted  zone  in  the  rather  fine  San  Juan  breccia,  made  up  of 
narrow  stringers  of  gangue  and  ore  alternating  with  sheets  of  country 
rock,  and  having  fairly  well-defined  walls.  The  hanging  (south)  wall 
is  the  more  regular,  and  a  very  thin  seam  of  clay  gouge  shows  that 
there  lias  Ix^en  slight  movement  along  it  since  the  lode  was  formed. 
Near  the  foot  wall  there  is  uniformly  a  streak  of  lead-silver  ore,  carry- 
ing galena  and  sphalerite.  This  is  sometimes  contiguous  with  and 
apparently  an  integral  part  of  the  main  lode.  At  other  times  the  two 
iuv  separated  by  a  thin  sheet  of  country  rock.  The  vein  is  unusually 
adherent  to  a  somewhat  irivgular  foot  wall,  which  is  often  traversed 
by  ii  regular  <iuartz  stringei's,  or  may  be  brecciated  and  cemented  by 
(luaitz.  Although  the  lode  is  a  sheeted  zone,  the  country  rock,  out- 
side the  recognized  limits  of  the  dei>osit,  is  not  notably  fissured.  The 
foot  -wall  streak  of  galena  ore  has  been  parti}'  brecciated  and  recemented 
by  stringers  of  white  quartz.  This  later  quartz  is  not  to  be  distin- 
guished from  the  quartz  of  the  auriferous  portion  of  the  lode  and  may 
he  of  the  same  period  of  deposition.  The  silver-lead  foot-wall  sti*eak 
was  the  ui(»  luiiK^d  twenty  years  ago,  before  the  high-grade  ore  lying 
alongside  it  was  discovered.  The  richest  ore  occurs  near  the  hanging 
wall,  often  directly  against  it,  and  therichestportionof  the  i)ay  streak 
is  indicated  by  dark,  narrow,  undulating  lines  of  ore  minerals.  These 
lines  (li^fine  the  course  of  small  stringei's,  usually  an  inch  or  less  in 
dianielcr,  which  are  of  later  origin  than  the  mass  of  the  vein.  The 
latter  is  a  pale  greenish-white  mottled  aggregate  of  quartz,  fluorite, 
serieite,  and  ealcite,  thickly  sprinkled  with  small  crystals  of  pyrite, 
with  s<)iu(»  sphalerite,  galena,  and  j^ossibly  other  ore  minerals  in 
iiiinuto  sp«»cks.     It  is  probably  in  part  altered   country  i-ock.     The 
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rich  stringers,  although  very  irregular  in  detail,  are  remarkably  per- 
sistent along  the  hanging-wall  side  of  the  main  lode.  They  possess, 
moreover,  a  regular  internal  structure.  Next  their  walls  there  is  usu- 
ally a  thin  layer  of  fiuorite.  Then  follows  a  narrow  band,  from  one- 
sixteenth  to  one-eighth  of  an  inch  in  width,  of  rosin-yellow  sphalerite 
and  gatena,  with  a  few  minute  specks  of  ohalcopyrite.  The  medial 
IK>rtion  of  the  stringer  is  occupied  by  white  quartz  carrying  a  little 
sericite  and  calcite.  The  gold  occurs  chiefly  free  in  this  white  qoartz, 
especially  close  to  the  dark  ore  lines  near  the  walls  df  the  stringer. 
It  is  firmly  embedded  in  the  quartz  and  is  often  distinctly  visible, 
although  not  occurring  in  lai^  masses. 

When  the  ore  is  crushed  and  panned,  the  concentrates  contain 
abundant  free  gold  in  irregular  hackly  i>articles,  averaging  about 
0.25  mm.  in  diameter.  Microscopic  examination  shows  that  the  vast 
majority  of  these  gold  {articles  have  the  characteristics  of  original 
gold  that  has  been  embedded  in  vein  quartz.  A  very  few  small,  rod- 
like  particles  suggest  a  possible  derivation  from  a  teUnride  of  gold. 
Chemical  tests  reveal  the  presence  of  a  very  small  amount  of  some 
telluride  in  the  ore,  but  it  has  not  been  detected  by  the  eye  and  is 
not  present  in  sufficient  amount  to  determine  its  mineral  species. 
Microscopic  and  chemical  investigation  shows  that  the  value  of  the 
ore  is  chiefly  in  free  gold  and  not  in  telluride  of  gold. 

The  quartz  in  portions  of  the  Camp  Bird  lode  is  often  very  glassy 
in  appearance  and  shows  little  trace  of  mineralization,  even  when 
carrying  some  $20  per  ton.  Ore  below  88  or  *10  is  not  removed.  The 
average  value  of  all  the  material  removed  from  drifts  and  stopes  on 
the  lode  is  probably  not  far  from  840  per  ton.  The  average  on  good* 
stopes,  however,  may  be  three  or  four  times  this.  According  to  a 
statement  by  Mr.  J.  W.  Benson,  manager  of  the  Camp  Biwl  mines,  the 
material  removed  in  merely  running  the  main  drift,  waste  included, 
ran  in  places  about  <«1,G00  per  linear  foot.  Much  of  the  vein  quartz 
on  the  upper  level  (300  feet  alwve  main  adit)  is  shattered  and  stained 
with  black  oxide  of  manganese.  The  shattering  of  the  brittle  quartz 
does  not  appear,  however,  to  ]>e  associated  with  an}'  ver}^  pronounced 
post-mineral  movement,  nor  has  it  any  known  effect  on  the  tenor  of 
the  ore.  A  little  rhodochrosite  and  considerable  calcite  cwcur  in  the 
lode,  the  latter  often  filling  vugs  or  comb  structure  in  the  quartz.  A 
5oft,  white,  putty-like  substance,  which  proves  to  Ix^  chiefly  kaolin,  is 
also  common  in  the  quartzosf>  portions  of  the  lo<le.  , 

Not  enough  development  has  yet  Ixmmi  reached  to  determine  the 
shape  of  the  pay  shoots.  The  ore  body  on  the  west  drift  of  the  main 
level  is  about  1,200  feet  in  length.  Other  pay  shoots  occur  along  the 
vein,  separated  by  pinches.  They  are  said  to  be  increasing  in  length 
as  they  are  followed  down.  The  ore  bodies  east  of  the  crosscut  are 
generally  wider,  ])ut  of  lower  grade  than  the  large  one  west  of  it. 

-^Ibont  ],7(K)  feet  wesV  of  the  crosscut  tunn(4  on  the  main  level  the 
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lode  suddenly  contracts  aud  splits  into  a  few  small  stringere.  Beyond 
this  point  the  country  rock  on  the  south  side  of  the  drift  is  lighter 
colored  than  elsewhere  and  is  full  of  irregular  quartz  stringers,  some 
of  which  appear  to  strike  southerly  into  the  hanging  wall.  I  was 
unable  in  the  field  to  discover  any  contact  or  fault  in  the  exi)osures 
in  the  drift,  but  microscopic  study  shows  that  the  country  rock  at 
this  point  is  a  devitrified  and  altered  rhyolite.  It  is  probably  an 
intrusive  mass  or  dike  cutting  the  S.an  Juan  breccia.  It  is  exposed 
in  the  south  wall  of  the  drift  for  15  or  20  feet,  but  has  never  been 
found  on  the  north  side.  West  of  this  contraction  no  ore  was  found 
on  this  level  for  nearly  000  feet.  A  barren  stringer  was  followed  for 
a  portion  of  this  distance,  which  finally  led  into  the  main  lode,  which 
was  found  to  be  offset  into  the  hanging  wall.  The  rhyolitic  dike  is 
older  than  the  Camp  Bird  lode,  but  its  presence  has  probably  caused 
a  local  deflection  of  the  generally  straight  simple  fissure.  The  newly 
found  portion  of  the  lode  has  been  drifted  on  for  600  feet,  and  is 
being  followe<l  back  toward  the  rhj^olite  and  point  of  original  deflec- 
tion. This  irregularity  is  apparentl}^  not  due  to  faulting,  but  is  an 
example  of  linked-vein  structure.  The  western  deflected  portion  of 
the  lode  has  an  average  width  of  9  or  10  feet  of  good  ore.  The  dip  is 
slightly  flatter  than  in  the  eastern  portion  of  the  workings.  In  the 
present  bottom  level  of  the  Camp  Bird  the  galena  ore,  commonly 
found  on  the  foot  wall  above,  is  less  abundant  and  more  bunchy. 
The  dark,  curving  lines  described  in  connection  with  the  rich  ore  are 
less  regular  and  continuous. 

Power  drills  are  used  almost  exclusively  for  dnfting,  crosscutting, 
and  stoping.  The  air  compressors  are  loin  by  electricity  from  Ames, 
in  the  Telluride  quadrangle.  The  ore  from  the  present  main  level 
is  carried  on  a  temporary  Huson  wire-rope  tram  to  the  tram  house 
near  the  mouth  of  the  new  adit.  Thence  it  goes  over  the  permanent 
Bleicliert  tramway  to  the  mill,  sitiiated  at  the  mouth  of  the  gulch,  on 
Canyon  Creek.  This  tramwajMs  about  2  miles  in  length  and  has  a 
transfer  station  at  the  turn  in  the  gulch,  in  Richmond  Basin.  In 
181MJ  about  45  buckets  were  running  over  it,  carrying  about  700 
pounds  of  or?  each.  One  man  can  dispatch  350  bucket  loads  in  a  day, 
of  ^^hich  the  mill,  then  running  30  stamps,  required  from  325  to  330. 
All  ore  goos  direct  to  the  mill  without  sorting.  The  mill,  as  equipped 
in  181)i),  contained  2  Blake  crushei*s,  40  8(X)-pound  stamps,  dropping 
90  to  th(*  minute,  and  20  Frue  vanners.  In  1900  20  more  stamps 
were  being  added.  The  pulp  from  the  batteries  passes  through  a 
4()-niesh  screen  over  silvered  copperplates  17  feet  long.  Thence  it 
passes  through  classifiei's  onto  the  vanners.  The  latter  are  so  arranged 
that  all  the  slimes  must  pass  over  two  vanners  befoi*e  escaping  as 
tailings.  Th(^  ore  passing  through  the  mill  is  often  worth  $200  per 
ton.  The  average,  when  visited  in  1899,  was  said  to  be  nearly  $150. 
About  75  to  80  per  cent  of  the  total  gold  is  amalgamated  on  the  plates. 
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Pie  ewoeniknteg  rarely  exceed  14  or  $5  per  Um  of  i»e^  The  teilingp 
f  l^om  the  main  mill  average  f  rqm  t3  to  t5  per  ton.  They  were  f  ora»x|y 
treated  in  a  small  auxiliary  mill  fitted  with  Wilfley  tables,  A  ^ymnide 
plant  was,  howeyer,  nearly  coinpleted  in  1900,  and  will  treat  tibbe  slimes 
djLrectly  from  the  mill.  Power  for  the  main  mill  is  supplied  Ipy  a 
Pelton  water  wheel  or  a  75-hor8epower  engine.  The  full  eapaoity 
with  40  stamps  is  abont  1%  tons. 

'  ffidden  Treasure  mtn^.— This  mine,  jtist  north  of  the  Camp  Bird» 
was  opened  in  1875,  but,  like  other  properties  in  Imogene  Bastn^  has 
lain  idle  for  many  years.  It  is  now  owned  by  Mr.  Walsh,  and  will 
probably  be  again  worked.  It  has  at  present  about  2,000  feet  of 
dirift,  and  has  produced  some  ore  from  its  stopes.  It  is  opened  by 
a  ei^osscut  tunnel  about  150  feet  in  length.  The  lode  strikes  about 
Sr^dO"*  W.  and  dips  northeast  at  approximately  W.  It  is  a  uvular 
lode,  in  part  occupying  a  sheeted  zone  and  in  pai*t  a  solid  Tein  of 
ipartfls  and  ore.  The  country  rock  is  San  Juan  breccia.  There  has 
been  some  later  movement  along  the  plane  of  the  vein,  as  shown  by 
l^n  day  gouges.  The  ore  formerly  extracted  is  said  to  have  cour 
f^rtied  chiefly  of  galena  and  tetrahedrite,  and  to  have  contwbued  100 
ipnces  of  silver  and  42  per  cent  of  lead.  The  present  workings  show 
a:  low-grade  milling  ore  consisting  of  galena,  abundant  q^ialerite, 
and  some  chalcopyrite  and  pyrite.  - 

JBanoQi^  mine.— This  property  lies  just  east  of  the  present  Camp 
Bird  workings,  and  is  also  owned  by  Walsh.  The  lode  strikes  N.  55** 
W.,  and  is  very  similar  in  general  character  to  the  Hidden  Treasure. 
It  joins  the  Camp  Bird  lode  on  the  southeast.  It  has  been  idle  many 
years,  and  is  not  now  worked.  In  1884  it  was  said  to  have  furnished 
in  all  about  80  tons  of  ore,  but  has  never  been  a  large  producer. 

YeUow  Rose  mine, — This  is  another  old  prospect,  situated  in  Rich- 
mond Basin,  upon  which  considerable  work  has  been  done.  In  1881 
a  "strike  "  of  ore,  consisting  chiefly  of  galena,  with  chalcopyrite,  pyrite, 
tetrahedrite  and  sphalerite,  argentite,  and  some  native  silver,  was 
reported  on  level  2,  470  feet  from  the  entrance  to  the  tunnel.  But  the 
mine  has  never  produced  much.  The  vein  strikes  N.  47°  W.  and  dips 
NE.  65°.  The  ore,  as  seen  in  1899,  is  low  grade  and  very  similar  in 
general  mineralogical  character  to  that  of  the  Hidden  Treasure. 

[7.  S.  Depository  mine. — This  mine,  with  the  Caribou,  Grand  Trunk, 
and  other  claims,  is  regarded  as  being  probably  on  the  same  vein  as 
the  Yellow  Rose.  Considerable  work  was  done  on  this  mine  years 
ago,  and  in  1887  U  was  credited  with  an  output  of  nearly  $18,000,  but 
it  never  was  thoroughly  successful  and  has  been  idle  several  years. 
A  tunnel  some  700  feet  in  length  was  run  in  from  the  small  mill,  now 
dismantled,  on  the  road  up  Richmond  Basin.  The  vein,  as  opened  at 
this  level,  is  in  part  a  fairly  regular  sheeted  zone  in  San  Juan  breccia 
and  in  part  a  less  regular  stringer  lead.  Such  ore  as  the  mine  pro- 
duced  came  from  upper  wovkm^^a,  400  or  500  feet  higher  up  the  slope, 
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and  was  carried  down  to  the  mill  on  a  light  and  primitive  wire-rope 
tramway.  The  ore  is  a  low-grade  galena-sphalerite  ore,  resembling 
in  general  character  that  of  the  Yellow  Rose.  Some  freibergite  has 
also  been  reported.^ 

Wheel  of  Fortune  miiie, — This  lode  occupies  a  strong  and  persistent 
fissure,  with  nearly  uortheast-and-southwest  strike,  crossing  Canyon 
Creek  just  east  of  the  Revenue  tunnel.  It  thus  crosses  such  lodes 
as  the  Yellow  Rose  and  Hidden  Treasure  nearly  at  right  angles,  and 
is  the  most  prominent  member  of  several  approximately  parallel  lodes 
which  may  be  seen  traversing  the  southern  slope  of  Potosi  Peak. 

The  Wheel  of  Fortune  was  located  about  1877,  and  has  produced 
some  veiy  rich  ore.  According  to  Mr.  Krisher,  now  foreman  of  the 
Revenue  Tunnel,  the  mine,  prior  to  1880,  shipped  some  ore  to  Black 
Hawk  containing  20  ounces  of  gold  and  800  ounces  of  silver.  In  1879 
the  mine  had  about  500  feet  of  drift  and  shaft,  and  was  said  to  have 
produced  ^20,000.  Most  of  the  work  was  done  in  the  early  eighties. 
During  the  latter  six  months  of  1882  the  mine  shipped  about  62  tons 
of  ore,  averaging  176  ounces  of  silver  and  $8  in  gold  per  ton.'  The 
ore  appears  to  have  been  irregular  or  pockety  in  its  occurrence,  and 
is  said  to  have  contained  freibergite  and  stephanite,^  with  galena  and 
ruby  silver.  In  1809  the  mine  was  being  reopened  after  several  years 
of  idleness. 

The  local  strike  of  the  Wheel  of  Fortune  lode  is  N.  30°  E.,  and  the 
dip  65''  to  the  northwest.  The  country  rock  is  San  Juan  breccia. 
The  lode  is  chiefly  a  stringer  lead,  but  it  grades  on  the  one  hand  into 
a  breccia  zone  and  on  the  other  into  a  fairly  regular  sheeted  zone.  It 
has  been  faulted  along  a  nearly  vertical  transverse  fissure,  the  south- 
ern portion  of  the  lode  being  thrown  about  15  feet  to  the  west.  There 
has  also  been  movement  along  the  foot  wall,  as  shown  by  clay  seams 
or  gouges.  The  croppings  of  the  lode  extend  strongly  up  into  Silver 
Basin,  and  the  country  rock  for  a  distance  of  100  feet  or  more  south- 
east of  the  lode  shows  pronounced  sheeting  unaccompanied  by  per- 
ceptible faulting.  There  was  no  opportunity  in  1899  for  studying  the 
ore  ill  place.  In  1900  the  mine  was  reported  to  be  shipping  ore,  but 
was  not  visited. 

Biinetallist  mine. — This  property,  situated  on  Potosi  Peak,  and 
probably  on  the  same  lode  as  the  Wheel  of  Fortune,  has  produced 
from  ^-4(),00()  to  $50,000  from  a  single  rich  pocket  near  the  surface. 
The  ore  of  this  pocket  ran  usually  about  10  ounces  of  silver  and  1 
ounce  of  gold.  Chemical  examination  of  a  specimen  of  this  ore  shows 
it  to  be  a  silver-copper  sulphantimonic  arsenite  (tetrahedrite?),  in 
which  th(?  gold  is  probably  combined  with  the  silver.  Small  portions, 
however,  were  very  much  richer.  The  workings  were  idle  in  1899 
and  were  not  visited. 


•  Tcutb  Ceusus,  Vol  XIU,  18t<5,  p.  M.  «  Report  of  the  Director  of  the  Mint,  1882. 
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Oeneral, — ^The  upper  portkm  of  Savage  Bawln,  althougli  witliin  the 
SUverton  quadrangle,  was  inolnded  by  Porin^toii'  in  lii^  8iui1y  of  tho 
lodes  of  the  Telloride  area.  In  1899  two  mines,  the  'i'ointioy  and 
Japan,  were  working  in  the  upper  basin,  while  in  lOtNj  Mouie  work 
was  also. in  progress  on  the  Argentina  and  the  i  olumbia  Thv  h  isin 
contains  several  large  lodes  and  many  smaller  oneil,  all  posoessiiig  a 
common  northwesterly  staike. 

Tomboy  mine. — ^The  chiaraeter  of  the  Tomboy  k>de  was  so  w^ 
descril^ed  by  Parington'  in  his  report,  written  in  1897,  that  his 
aocbnnt  will  be  quoted  almost  entire,  and  supplemented  hy  tiie  obeer- 
yations  made  in  1899  and  1900.    He  says: 

It  is  only  within  Hie  past  fcmr  years  that  the  property  known  as  the  Tomboy 
has  made  any  considerable  product;  especially  in  the  last  two  yeaxs  Hie  oal|^  ef . 
the  mine  has  surprisingly  increased.  The  workings  now  on  the  vein  oamgriss 
;  thelengthof  two  claims,  very  nearly,  namely,  the  Belmont  and  ^Tomboy,  aai 
aevmral  more  claims  have  been  located  on  the  vein  in  its  southern  exieiiakNi.  Tlm> 
history  of  this  mine  is  somewhat  remarl^able,  considering  its  present  hu^^otpiit 

The  original  location  on  the  vein  was  the  Belmont  claim,  made  hi  1060;  and  in 
ISSh  the  Tomboy  claim,  to  the  south  of  the  Belmont,  was  looated.  Sfasoe  fhs 
crHlfinal  discovery  of  the  lode,  and  up  to  the  year  1892,  no  oonsidsrable  ptoduet 
waa  obtained;  in  fact,  the  vein  was  generally  regarded  as  of  Uttite  lvalue  and 
interests  in  the  claim  were  sold  and  resold  at  very  low  fignrea.  The  Tomboy  Qold 
Mining  Company,  which  bought  tlie  mine  in  1894,  had  it  pn^tah^  wovkiiiii  by 
April,  1895.  In  that  year  the  product  was  nearly  $600,000,  and  in  189S  the  product 
was  nearly  $800,000.  Recently  the  mine  has  again  changed  bands,  and  it  is  stated 
that  the  present  monthly  output  averages  about  $90,000. 

The  main  adit  is  at  12,130  feet  elevation,  very  near  the  head  of  Savage  Basin. 
The  greater  portion  of  the  work  has  been  done  on  one  level,  consisting  of  a  drift 
over  3,000  feet  in  length,  with  stopes  extending  up  to  a  height  of  200  feet  above 
the  drift.  As  indicated  on  the  map,  a  second  adit,  381  feet  vertically  below  the 
upper  one,  is  being  run  to  cut  the  vein.  At  the  time  of  my  visit  this  was  1,128 
feet  in  length.  Its  starting  point  is  directly  above  the  site  of  the  Tomlx>y  mill. 
All  the  portions  of  the  vein  worked  during  1890  were  in  the  upper  augite-andesite, 
although  the  contact  of  this  with  the  top  of  the  San  Juan  breccias  lies  not  far 
below.  The  lower  adit  is  certainly  in  the  breccias,  but  the  exact  level  at  which 
the  contact  occurs  it  is  impossible  at  present  to  state.  A  specimen  collected  in  a 
winze  sunk  100  feet  from  the  main  level,  although  it  contains  fragments,  is  of  the 
normal  color  characteristic  of  the  augite-andesite,  and  is  altogether  so  decomposed 
that  its  microscopic  determination  is  impossible.  It  was  stated  that  a  dike  accom- 
l)anie8  the  Tomboy  vein  for  a  part  of  its  length,  as  now  developed.  Although  I 
can  not  say  that  tho  observations  in  the  mine  contiruied  this  statement,  nor  that 
the  microscopic  examination  revealed  any  rock  differing  from  that  of  the  country 
in  general,  yet  in  view  of  the  limited  examination  which  was  made,  it  can  not  be 
denied  that  a  dike  may  exist. -^ 

The  peculiarities  of  the  Tomboy  vein,  considered  with  reference  to  the  fissure 
systems  which  it  follows,  have  been  described  and  illustrated.^  So  constantly 
does  the  vein  shift  from  one  to  another  set  of  fissures  that  it  is  impossible  to  get, 

»  Preliraiuary  rej)ort  on  the  mining  industries  of  tho  Tellurite  quadrangle,  Colorado:  Eight- 
eenth Ann.  Rept.  U.  S.  Geol.  Survey,  Ft.  III.  ls9S. 
«Op.  cit.,  pp.  S38-841. 

3  No  dike  was  seen  in  my  own  examination.    F.  L.  R. 
=»  Purington,  op.  cit.,  p.  778. 
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at  any  one  point  in  the  workings,  a  compass  reading  which  represents  its  average 
course.  This  is,  however,  as  may  be  measured  from  the  surveys  plotted  on  the 
map,  N.4r  W.,  while  the  dip  averages  77^  to  the  southwest.  The  limits  of  the 
narrowly  cleaved  zones,  which  have  been  filled  by  ore,  are  fairly  well  defined,  and 
it  is  only  occasionally  that  stringers  accompany  the  main  lode,  separated  by  any 
considerable  amount  of  wall  rock.  Such  stringers  have  been  found,  however,  at 
as  great  a  distance  as  10  feet  from  the  main  vein.  The  width  of  the  main  lode  is 
variable,  but  is  generally  from  4  to  7  feet.  It  sometimes  attains  the  width  of  12 
feet,  and  in  one  place  pinches  to  less  than  1  foot.  This  vein  presents  more  the 
character  of  a  solid  filling  between  two  walls  than  most  of  those  seen  in  the  district. 
The  linked-vein  type  is  very  well  shown  in  some  places,  but  is  subordinate. 
Angular  fragments  of  the  country  rock  are  frequent,  and  are  especially  well 
shown  in  the  faces  of  the  stopes  and  drifts  on  account  of  the  whiteness  of  the 
surrounding  quartz.  Figure  73  shows  such  a  fragment  included  in  the  quartz. 
As  before  stated,  the  angular  character  of  these  fragments  is  one  of  the  strongest 
pieces  of  evidence  that  the  ore  is  the  filling  of  open  spaces,  unaccompanied  by 
molecular  replacement  of  the  country  rock. 

The  vein  minerals  are  remarkably  few  in  number,  and,  with  the  exception  of 
the  quartz,  do  not  appear  to  bear  much  relation  to  the  values,  which  are  almost 
entirely  in  gold.  The  quartz  is  by  far  the  largest  constituent,  is  white,  and  may 
be  described  as  coarsely  saccharoidal,  with  the  spheroidal  arrangement  of  crystals 
noted  above.  It  is  remarkable  that  much  of  the  quartz  which  is  commonly 
referred  to  as  *'  bony,"  and  is  ordinarily  barren  of  values,  is,  in  the  Tomboy  vein, 
rich  in  gold,  and  often  contains  free  gold  visible  to  the  unaided  eye.  Accompany- 
ing the  quartz  there  is  much  blackish,  soft  material,  which  has  been  determined 
as  peroxide  of  manganese.  Although  no  manganese  carbonate  has  been  found  in 
this  vein,  its  general  occurrence  in  neighboring  veins  makes  it  probable  that  it 
was  formerly  present,  and  the  oxide  is  in  part  the  result  of  its  decomposition. 
The  vein,  ou  the  whole,  presents  an  unusually  decomposed  appearance,  as  does  the 
wall  rock  in  contact  with  it.  Much  white,  clay-like  material,  usually  of  a  sticky 
consistency,  from  its  saturation  with  water,  is  of  universal  occurrence  in  the 
vein.  This  is,  indeed,  present  in  such  quantities  as  to  give  considerable  difficulty 
in  the  milling  of  the  ore.  It  is  usually  known  as  '*talc.'*  Doubtless  much  of  it 
is  merely  material  residual  from  the  trituration  of  the  country  rock  along  the 
fissured  zones,  ^ome  is,  however,  of  more  definite  composition,  and  chemical 
tests  prove  it  to  consist  largely  of  finely  divided  sericite— one  of  the  potash  micas. 
Kaolinite  has  been  shown  to  occur  with  it,  its  presence  being  probably  due  to 
surface  decomposition  of  portions  of  the  wall  rock  included  in  the  lode.  The 
greater  or  less  amount  of  this  material  in  the  vein  does  not  appear  to  bear  any 
relation  to  the  value  of  the  ore. 

Cakite.  and  probably  siderite,  occur.  The  occurrence  of  fluorite  has  already 
been  described  at  some  length.  Iron  pyrite  is  present  in  small  amount,  and  the 
gold  values  do  not  appear  to  be  associated  with  it  to  any  extent.  More  often 
than  otherwise  it  occurs  associated  with  galena  and  zinc  blende  in  a  narrow 
streak,  which  crosses  from  one  wall  to  the  other  in  the  vein,  and  is  fairly  con- 
tinuous through  the  workings.  Small  quantities  of  sulphurets  are,  however, 
disseminated  throughout  the  vein.  The  gold  is  more  than  three- fourths  free,  its 
total  value  being  about  $'20  to  the  ton.  The  concentrates  run  $40  to  $45.  The 
gold  avera.i;es  0.735  fine.  The  gold  has  not  been  found  in  the  iron  pyrite  except 
in  small  amount.  Much  of  it  is  extremely  finely  divided,  and  hitherto  difficulty 
has  been  exi)erienced  in  saving  it  at  all. 

Since  Piiiinji:ton's  observations  were  made,  the  lower  tunnel  has 
been  extended  through  the  main  lode  to  what  is  known  as  the  ''North 
vein,''  or  Iron  vein,  some  300  feet  beyond.     The  main  lode  was  cut 
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tlirtiugh  and  considerable  (Iriftiiig  done  on  the  low-j^rade  Xorth  Uxli 

before  the  fact,  was  susperted  that  the  main  lode  had  lieeii  ovfrshiit^ 
Thos*^  two  veJTiH  whow  a  very  iiitercsiiiiji:  relationship,  which  will  Im 
furthor  th^seribcHl  later  mu  This  miiiii  iwlit  coniiet'tB,  through  ntcipt' 
niid  raisf^w,  with  i]u^  drifts  of  ilie  '"lim  level,"  140  feel,  below  thi*  '*iOO 
level."  A  shaft  Iiivb  alnfi  lieen  8Unk  f or  3CMJ  feet  below  the  GiMUev^l 
(mahi  mlit  level),  and  drifts  lun  in  botis  directioim  on  the  inafii  l<»de 
at  the  70i)  and  8(10  levels,  while  drifting  wh8  at>ont>  to  l*egiii  nl^*  on  the 
nm  level  in  1900, 

Puringt*3n  statets  that  the '^' vein  pres^nte^  more  the  ehaiucrl^r  of  * 
solid  fillini^  between  two  wall^  than  must  of  tho^^e  seen  in  thediKtriet*** 
To  one  eoniing  to  the  stndy  of  this  lode  from  the  Silver  ton  ro|;'ioii,  to 
the  east  and  southeast,  its  strikioiy:  feature  m  the  regular  and  nar- 
rowly spaced  /x*iie  of  sheeting  and  llio  faet  timt  tiie  Itwie  is  eorn posed 
of  a  .series  of  jnore  or  less  reg^ular  plates  of  quartz  separated  by  shei^U 
of  country  roek.  In  fact,  this  strneture,  rond^ined  with  tliat  i-harae- 
teristie  of  the  linked^vein  type,  are  the  two  most  prominent  Fitrtu-lural 
features  of  the  Tonilwy  loch^.  The  peenlinr  intei-seetions^  h1  small 
anfsrleM,  of  vag<njs  lissnred  zunes  referred  to  by  Purin^oii'  appears  ta 
be  a  relatively  suhordiuate  featui-e,  and  was  recognized  by  ine  at  only 
one  place.  There  is  one  curve  in  the  main  vein  which  m  found  lui  all 
the  levels.  At  this  curve  e:*n  the  »i<hi  level  a  few  smtdl  strini^ors  wer© 
;Oted  running  out  intf*  the  walls.  Ilmvevf^r,  in  any  but  idt^il  <-\jmh 
snres  it  is  manifestly  a  most  difficult  matter  to  distinguish  the  int-er- 
sections  described  by  Purington  from  what  I  have  preferred  to  i-egard 
as  an  example  of  linked- vein  structure. 

The  dip  of  the  lode  varies  from  50°  to  80°  to  the  southwest — usually 
about  70°.  It  is  commonly  accompanied  b}^  a  wet  seam  of  clay  gouge 
along  the  hanging  wall.  Along  the  foot  wall  is  a  stringer,  or  vein, 
somewhat  more  solid  than  the  auriferous  portion  of  the  lode,  carry- 
ing galena  and  zinc  blende  and  "frozen"  to  the  wall.  This  foot- wall 
streak  is  sometimes  in  contact  with  the  higher-grade  gold-bearing 
quartz,  sometimes  separated  by  a  plate  of  country  rock.  Its  solidity 
and  fresh  appearance  is  often  in  great  contrast  to  the  rusty  auriferoos 
ore  alongside.  It  has  been  brecciated  in  places,  and  the  ore  solidly 
healed  with  white  quartz.  The  foot  wall  alongside  it  has  been  rather 
irregularly  fractured  and  veined.  I  was  unable  to  ascertain  whether 
this  foot-wall  streak  was  distinctly  <iifferent  in  age  from  the  aurifer- 
ous portion  of  the  lode. 

The  crushed  and  decomposed  aspect  of  the  gold-bearing  part  of  the 
lode,  often  accompanied  by  black  oxide  of  manganese,  kaolinite, 
sericite,  and  copper  stains,  has  been  referred  to  by  Purington.  That 
these  portions  of  it  have  been  subjected  to  some  movement  subsequent 
to  the  original  deposition  of  the  quartz  is  shown  by  the  presence  of 
clay  seams  traversing  the  ore.     Subsequent  fractures  filled  with  wet 
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clay  gouge  and  crushed  quartz  frequently  enter  the  lode  obliquelj' 
from  the  southwest.  Some  of  the  richest  bunches  of  ore  said  to  have 
been  found  were  where  they  intersect  the  main  lode.  The  best  ore 
usually  occurs  in  the  steeper  portions  of  the  vein.  The  pay  shoots 
are  stated  to  lie  flat,  one  above  another,  and  to  extend  diagonally 
across  the  lode  from  northwest  to  southeast. 

The  richest  ore  is  invariably  found  in  the  shattered  and  stained 
parts  of  the  lode,  generally  alongside  a  soft  gouge  of  crushed  and 
decomposed  andesite.  The  gold  usually  occurs  free  and  very  finely 
disseminated.  When  visible,  it  is  em- 
bedded solidly  in  the  unpromising-look- 
ing vitreous  quartz,  although  Mr.  Ros- 
coe  Wheeler,  the  assayer  at  the  mine, 
informed  me  that  he  had  found  one 
piece  of  gold  in  a  fracture  plane  in  the 
quartz.  In  the  more  recent  workings, 
below  the  3(X)  level,  the  vein  is,  as  a 
whole,  less  shattered  and  stained.  Even 
at  the  800  level,  however,  portions  of 
the  lode  exhibit  the  character  above  de- 
scribed, a(*companied  by  clay  seams, 
and  such  portions  are  always  rich.  On 
this  level  the  vein  is  sometimes  10  to  12 
feet  wide,  with  2  to  3  feet  of  galena  ore 
on  the  foot  wall,  the  latter  ore  beinir 
more  abundant  here  than  in  the  upper 
levels. 

The  description  thus  far  has  been  of 
the  main  Tomboy  lode.  There  remain 
to  be  described  the  Iron  lode  and  its 
relat  ion  1o  the  Tomboy,  The  two  lodes 
are  nearly  parallel  in  strike,  the  Iron 
vein  having  a  slightly  more  westerly 
course  than  the  Tomboy,  which  is  about 
N.  40°  W.  Hut  the  1\)mboy  lode  dips 
to  the  southwest,  whereas  the  Iron 
vein  dips  northeast.  As  a  consequence  of  this  diversity  of  dip 
the  two  veins  intei*sect,  so  that  the  Iron  vein,  which  above  the  300 
level  was  encountered  on  the  northwest  side  of  the  Tomboy,  on  the 
lower  levels  is  found  on  the  northeast  side.  Near  the  main  adit  thi? 
intersection  takes  place  at  about  the  300-foot  level,  but  the  line  is  not 
horizontal.  The  slight  difference  in  strike  of  the  two  lodes  gives  their 
intersection  a  pitch  to  the  northwest  of  about  6°  from  the  horizontal. 
The  intersection  in  vertical  plane  is  shown  in  the  accompanying  cross 
sections  (figs.  14  and  15),  drawn  from  notes  of  surveys  made  by 
Mr.  John  Ilerron.     The  relation  of  these  lodes  is  such  that  at  each 


Fio.  14.— Cross  section  of  the  Tomboy 
and  Iron  lodes  through  No.  2  raise, 
between  the  600-foot  and  atJO-foot 
levels.  Platted  from  notes  of  sur- 
veys by  Mr.  John  Herron. 
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level,  if  carried  far  enough,  there  should  Ix*  foiuiil  ii  iiltu^e  wfien*  the 
two  lodes  crosB  in  a  horizontal  plane.  The  confiuetit  iioHicmfi,  haw- 
ever,  mast  lie  maoh  farther  northwest,  11i(«iirt>tk*al1y  about  950  feet- 
for  each  additional  100  feet  in  depth.  Tho  workings  a»  yet  are  not 
sniBciently  extensive  to  determine  whi^t her  thi^  feature  of  their  inter- 
section actually  holds  true  on  all  levelB.  The  interH^^tioTi  of  the  Imlef^ 
led  to  a  curious  error  when  the  present  niaiii  adit  tiumel  (tj«>0  level) 
was  run.  In  all  the  old  adits  above  the  :iu(  \  knel  the  rehiti  v  ely  bari\*ti 
Iron  vein  had  been  cut  before  reachin^^  thi'  TomVioy  Imte,  the  t%v4> 
being  220  feet  apart  on  the  200  level.     In  the  600  adit,  however,  f  he 

Tomboy  wa,**  first  cut,  and  aj*  it 
wa«  not  in'oducti\  e  at  this  point, 
it  was  supj>o»e<l  by  those  then 
in  charj^e  of  the  exploit-atioii  to 
be  the  Iron  vein  reversed  in  dip. 
Consequently  th^  adit  tuiuie) 
'was  continued  1H3  fc^t  farlh<*r 
to  the  Iron  vein,  whieh  was* 
then  worked  on  the  Htippo^ttion 
that  it  was  the  Tonib«y.  It  li* 
generally  bniT«ni,  but  on  thlsi 
level  >^how**  an  on?  botly  alwHiT 
15  feet  wide  and  ovi*r  nw*  f,.c  :  iu 
length.  It  is,  however,  a  galena 
ore,  carrying  about  40  ounces  of 
silver,  and  totally  different  from 
the  Tombo}'  ore. 

The  exact  nature  of  the  inter- 
section of  the  two  lodes  is  not 
determinable  from  present  ex- 
posures. In  raising  from  the 
GOO  level  to  the  200  level  on  the 
Iron  vein  for  the  purpose  of 
connecting  with  the  upper  drifts 
on  the  Tombo}'  lode,  it  was 
found  that  these  raises  came 
out  as  much  as  50  feet  within  the  hanging  wall  of  the  latter  lode  and 
connection  had  to  be  made  by  crosscutting  (figs,  14  and  15).  It  was 
noted  that  each  of  these  i*aises  passed  at  some  point  through  a  great 
mass  of  somewhat  shattered  quartz,  usually  about  12  feet  wide,  and 
with  no  regular  walls.  This  was  probably  the  intersection  of  the  lodes, 
as  indicated  by  subsequent  surveys.  One  of  the  best  pay  shoots  in  the 
mine  occurred  at  a  point  which  was  afterwards  discovered  to  be  on  or 
near  this  line  of  the  intei-section.  On  the  300  level,  northwest  drift, 
the  gradual  convergence  of  the  Tomboy  and  Iron  lodes  has  been 
traced  by  crosscuttiu*^  al  '\\\\.^y\v\\s.  i\*v>\\\  \\\e  former  to  the  latter.    At 


600  Level 


Pig.  15.— Cross  section  of  the  Tomboy  and  Iron 
lodes  through  No.  12  raise  on  the  Iron  lode  and  a 
neighboring  raL»e  (projected)  on  the  Tomboy 
lode.  Platted  from  noten  of  surveys  by  Mr. 
John  Herron. 


RAN80ME.]  LODES   or   SAVAGE    BASIN.  211 

the  point  where  the  intersection  probabl}'  takes  place  is  a  confused 
mass  of  quartz,  altered  country  rock,  and  ore  over  12  feet  wide,  with 
irregular  walls.  From  this  ore  body  two  veins  again  diverge,  which 
maj^  represent  the  noi'tl^.west  continuations  of  the  Tomboy  and  Iron 
lodes.  They  are  here  small  and  have  not  yet  been  much  drifted  upon. 
It  is  at  present  impossible  to  determine  the  relative  ages  of  the  Tom- 
bo}^  and  Iron  lodes.  It  is  not  unlikely  that  their  ages  are  substantially 
the  same. 

The  contact  between  the  San  Juan  breccia  and  the  overlying  massive 
andesite  belonging  to  the  Silverton  series  occurs  in  the  Tomboy  at 
about  the  300  level,  but  the  two  rocks  are  not  very  readily  distin- 
guished under  ground.  It  does  not  appear  that  the  change  in  country 
rock  has  effected  any  noticeable  change  in  the  character  or  quantity 
of  the  ore. 

In  the  general  sheeted  character  of  the  fissuring,  in  the  vitreous 
nature  of  most  of  the  auriferous  quartz  and  in  its  shattered  and 
stained  appearance,  in  the  presence  of  a  low-grade  galena  streak  near 
the  foot  wall,  and  in  the  almost  exclusively  gold  output,  the  Tomboy  lode 
shows  much  similarity  to  the  Camp  Bird.  About  ninet^en-twentieths 
of  the  Tomboy  product  is  gold. 

The  Tomboy  mill  is  equipped  with  2  Union  and  1  Blake  crusher,  2 
sets  of  rolls,  8  Huntington  mills,  and  24  Frue  vanners.  The  pulp  from 
the  Iluntingtons  is  passed  over  silvered  amalgamating  plates,  which 
retain  over  75  per  cent  of  the  gold.  The  Huntingtons  are  the  equiva- 
lent of  about  60  stamps,  and  the  capacity  of  the  mill  is  about  200  tons 
daily.  The  power  is  electricity  transmitted  from  Ames,  12  miles  dis- 
tant, to  a  150-horsepower  motor.  A  Corliss  engine  of  120  horse- 
power is  held  in  reserve. 

The  water  supply  of  the  Tomboy  is  drawn  from  a  small  lake  on  the 
eastern  side  of  the  divide,  in  Ouray  Count3\  It  is  pumped  to  the 
mine  by  electric  power  from  Ames. 

The  Tomboy  has  produced  from  $4,000,000  to  $5,000,000. 

Japan  mineJ — The  Japan  vein  is  nearly  parallel  with  the  Tomboy 
and  lies  to  the  southwest.  It  is  recognized  as  crossing  the  main  Tom- 
boy adit  tunnel  at  about  900  feet  from  its  mouth,  and  therefore  about 
835  feet  southwest  of  the  Tomboy  lode.  It  has  been  drifted  on  for  a 
short  distance,  but  in  the  Tomboy  ground  is  too  small  to  work.  The 
workings  of  the  Japan  mine  lie  about  one-fourth  mile  northwest  of 
the  Tomboy  adit,  and  the  two  mines  are  not  connected.  Not  much 
work  had  been  done  on  the  Japan  prior  to  1894. 

The  course  of  the  Japan  lode  is  about  N.  47°  W.  The  general  dip 
is  to  the  southwest  at  from  70°  to  80°,  although  on  level  No.  1  the 
exceptionally  low  dip  of  50°  was  noted. 


>  Since  this  description  was  written,  readjustment  of  the  primary  triangnlation  of  the  United 
States  Coast  and  Geodetic  Survey  has  resulted  in  placing  the  Japan  and  Columbia  mines  outside 
of  the  Silverton  quadrangle.    The  descriptions,  however,  are  retained  as  originally  written. 
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A  crossotit  tannel  of  about  250  feet,  rnoning  a  little  weet  of  »tettt# 
glTee  aocess  to  the  yein  <m  the  No.  1  level.  Below  tiUs  levels  afcialtt»' 
▼als  of  125  feet,  ate  levels  2  aiid  8,  worked  through  a  shaft  tNMmWii 
1  level.  The  lode  9»  a  rule  is  an  tmuMtially  regular  {dale  of  oii^  hM** 
is^  an  average  width  of  about  18  inches  and  g<^erall7  ftoma  to  4iMi^ 
walls.  Less  frequently  it  is  a  regular  sheeted  zone,  4  or  4  fsefe  widi^ 
tiie  stringers  of  ore  and  quartz  flowing  comb  and  vug  alraeliira: 
Even  where  the  lode  is  a  simple  solid  vein  a  foot  in  width,  tlie  w0k$i  - 
espedidly  the  foot  wall,  may  show  conspicuous  sheeting  ftnr  aone  dli*^' 
taaicci  from  the  ore.  The  hanging  wall  is  usually  mootli  aiid:.  regv* 
lar.  The  country  rock  of  the  portions  of  the  vein  now  wwked  is 
andesitic  breoda  of  the  9ml  Juan  series. 

The  ore  consists  of  galena  and  sphalerite,  with  a  littile  free  goMt* 
Wgentite,  and  wire  silver,  in  a  gangue  of  quartz,  rhodochrostte,  aad  a 
Httle  fluorite.  A  banded  structure  is  often  very  notioeaUto.  Aigrgh 
ioal  section  of  the  vein  as  seen  in  one  of  the  stopes  is  riiowii  in  ^4  0 
(p.  69).  In  this  case  the  stringers  of  barren-looking  quarts  next  Um 
walls  appeared  to  be  of  later  age  than  the  banded  ore  b^ween  thMit 

The  average  value  of  the  Japan  ore  is  about  t25  per  ton.  Kear!^ 
one-half  of  this  is  in  gold,  the  other  being  equally  divided  betwent 
^ver  and  lead.  AU  the  ore,  except  a  little  streak  of  rich  lead  ora^ 
whidh  often  occurs  iik  veins,  is  milled. 

About  150  feet  northeast  of  the  Japan  vein  is  a  second  pandiel 
lode — the  Morning  vein — ^witli  the  same  general  dip  as  the  Japan. 
Where  cut  by  the  Mikado  crosscut  from  the  No.  1  level  of  the  Japan, 
this  vein  is  only  5  inches  wide  and  carries  galena  ore,  frozen  to  the 
walls.  Elsewhere  it  is  wider  and  often  carries  much  coarsely  crystal- 
line pale-green  and  white  fluorite.     This  lode  is  not  worked. 

About  750  feet  northeast  of  the  Morning  vein  the  Mikado  crosscut 
passes  through  a  third  parallel  vein,  here  not  much  more  than  a  fissure 
carrying  some  gouge.  In  all,  the  Mikado  crosscut  has  been  driven 
nearly  1,900  feet  to  the  northeast  in  the  hope  of  cutting  the  continua- 
tion of  the  Tomboy  lode.  Several  small  fissures,  generally  parallel 
with  the  Japan  lode,  have  been  cut,  but  none  of  them  carry  ore  in 
commercial  quantities.  Apparently  the  Tomboy  lode  does  not  con- 
tinue so  far  to  the  northwest,  or  else  is  diminished  in  size  and  changed 
in  character  so  as  to  be  unrecognizable. 

The  Japan  and  Morning  veins  are  botli  faulted  by  the  Flora  vein, 
with  a  course  of  N.  65°  E.  and  a  dip  of  55""  or  00°  to  the  southeast. 
This  is  a  barren  quartz  vein  about  2  feet  wide  filling  a  fault  fissure 
which  has  thrown  the  southeastern  portion  of  the  Japan  and  Morning 
lodes  about  16  feet  to  the  southwest.  This  same  vein  probably  faults 
the  Tomboy  lode  also,  in  ground  not  yet  explored,  and  may  be  con- 
nected with  the  failure  of  the  Tomboy  to  appear  in  the  Mikado  cross- 
cut. The  position  of  the  Flora  vein  is  well  marked  on  the  surface,  as 
its  outcrop  detennmea  \iVve  \^T^^vi\w^  ol  a^VvUV^  ravine. 
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About  150  feet  southwest  of  the  Japan  lode  lies  the  Whale  vein, 
strikinji:  N.  40°  W.,  and  therefore  a  member  of  the  same  generally 
parallel  system  of  veins  to  which  belong  the  Tomboy,  Iron,  Japan, 
and  Morning  lodes,  with  othei-s  yet  to  be  described.  The  dip  is  south- 
west at  75°.  The  AVhale  is  a  small  vein,  seldom  over  G  inches  wide, 
and  consists  of  solid  white  quartz  carrying  some  free  gold.  It  has 
been  worked  near  the  surface  and  has  produced  s<mie  rich  gold  ore. 
It  is  cut  in  the  Climax  tunnel,  an  unused  upper  level  lying  east  of  the 
Flora  vein.  The  Climax  crosscut  also  continues  into  the  Japan  lode 
(here  called  the  Climax)  and  on  to  the  Morning  vein,  170  feet])eyond. 
The  andesitic  country  rock  between  these  veins  shows  pronounced 
parallel  sheeting. 

The  Japan  mill  is  equipped  with  1  Gates  crusher,  2  sets  12  by  20 
Davis  rolls,  ()  3-compartment  Harz  jigs,  1  5-foot  Huntington  mill,  2 
6-foot  Wilfley  concentrators,  and  2  4-foot  Triumph  concentrators. 

Power  is  furnished  by  a  50-horsepower  Westinghouse  motor  sup- 
plied with  electricity  from  Ames.  The  capacity  of  the  mill  is  about 
00  tons.     The  total  product  of  the  Japan  has  been  about  *G00,000. 

Arcjentma  mine. — This  is  located  on  a  very  prominent  lode  crop- 
ping near  the  bed  of  Savage  Creek,  just  southwest  of  the  Tomboy  and 
Japan  mines.  The  strike  of  the  lode  is  about  N.  35°  W.,  and  the  dip 
75°  to  80'  to  the  southwest.  The  croppings,  often  stained  black  by 
oxide  of  manganese,  may  be  traced  over  the  ridge  to  the  southeast 
into  Ingram  Basin  and  beyond  the  edge  of  the  quadrangle  to  the 
northwest  into  Marshall  Basin.  It  is  one  of  the  prominent  group  of 
strong,  continuous,  generall}^  parallel  lodes  of  this  region,  to  which 
belong  tlie  Smuggler,  Cimarron,  Tomboy,  Japan,  and  countless  smaller 
veins.  As  early  as  1882  and  1883  several  shafts  were  sunk  on  the 
Argentina  claim  and  some  rich  free-gold  ore  was  taken  out  near  the 
surface,  but  for  many  years  the  mine  has  been  idle.  In  1900,  how- 
ever, the  Tomboy  Compau}'  took  hold  of  the  property  and  drove  a 
tunnel  on  the  vein.  In  August  a  length  of  800  feet  had  been  attained, 
and  the  whole  width  of  the  lode  was  l)eing  milled. 

The  lode  nowhere  shows  less  than  5  feet  of  ore,  and  in  places  is  12 
and  1 5  feet  wide.  The  country  rock  is  the  San  Juan  andesitic  breccia, 
with  some  massive  andesite.  There  is  no  gouge  and  no  i^egular  walls. 
Stringers  from  the  main  vein-tilling  travei*se  the  hanging  wall  irregu- 
larly, and  the  best  ore  is  usuall)^  found  in  this  mixture  of  stringera 
and  country  rock. 

The  ore  shows  galena,  sphalerite,  chalcopyrit^,  pyrite,  and  some- 
times free  gold,  in  a  gangue  of  quartz  and  rhodonite.  It  is  variable 
in  tenor,  but  as  a  whole  carries  about  $16,  chiefly  in  gold,  with  less 
important  values  in  silver  and  lead. 

The  present  work  is  considered  merely  as  prospecting,  and  the  ore 
remov(»d  in  drifting  has  been  treated  in  the  Tomboy  mill.* 


A  ti*ainway  h:is  since  been  erected,  (M>nnoctinjf  the  Argentluck.  ^W.Yk.NJafe'^vYcoNya^  \xjJ^. 
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Columbia  mine. — ^This  property  is  also  on  a  prominent  lode  whioh 
lies  soathwest  of  the  Argentina,  and  which  is  the  soatheasiem  oon- 
tinuation  of  the  Cimarron  vein  in  the  Tellaride  quadrangle.  The 
CJolumbia  mine  is  at  present  not  extensively  or  continnously  worked. 
The  vein  as  seen  underground  is  much  like  the  Japan,  but  leas  r^^- 
lar.  Its  strike  is  about  N.  30""  W.,  with  a  variable  dip  of  60**  to  75''  to 
the  southwest.  The  ore  is  sometimes  2  feet  in  width,  but  more  often 
about  10  inches.  In  places  it  is  solid,  consisting  of  quarts,  galena, 
sphalerite,  and  pyrite,  with  little  or  no  gouge;  but  often  it  is  crushed 
and  pinched  by  post-mineral  movement  along  the  fissure.  As  in  the 
Jai>an,  parallel  sheeting  of  the  walls  of  San  Juan  breccia  is  a  noticea- 
ble accompaniment  of  the  vein.  The  stringers  of  quartae  which  often 
fill  the  fissures  in  the  sheeted  country  rook  are  practically  barren. 

Ail  the  ore  is  concentrated.  The  best  of  it  carries  about  1  ounce  of 
gold,  70  ounces  of  silver,  and  30  per  cent  of  lead. 

North  Chicago  mine, — ^This  property,  which  has  been  idle  for  some 
time,  lies  in  Savage  Basin  near  its  head,  and  is  perhaps  on  the  Tomboy 
lode.    It  was  worked  through  a  shaft. 

ORB  DEPOSITS  OP  THE  RED  MOUNTAIN  RBQION. 

Oeneral. — Under  this  head  will  be  described  the  various  ore  depos- 

'  its  occurring  about  Ironton  Park  and  Red  Mountain.    They  include 

ordinary  fissure  lodes  and  replacement  deposits  of  more  than  one  kind. 

But  iho  bodies  of  ore  which  gave  this  particular  region  its  fame  are 
of  a  type  leas  commonly  met  with  in  other  districts.  The  oi-e  occurs 
in  so-called  "chimnej's" — i.  e.,  near]}'  vertical  bodies  of  ore  roughly 
circular  or  elliptical  in  plan.  Unfortunately,  owing  to  the  idleness  of 
these  mines,  satisfactory  study  of  the  oi-e  bodies  is  not  at  this  time 
possible.  In  a  few  cases  access  was  ha<l  to  the  old  upper  workings, 
but  for  information  in  n^j^ard  to  the  deei)er  portions  of  the  deposits 
recourse  must  be  had  to  a  few  published  descriptions,  the  annual 
reports  made  by  superintendents  to  the  directors  of  compauies,  and 
to  information  j^athered  from  those  who  were  familiar  with  the  deeper 
mines  before  they  shut  down.  The  latter  is  sometimes  conflieting, 
but  1)}'  judieiously  weighinj^  its  various  sources  and  by  making  allow- 
ances for  dilTen^nt  points  of  view  an  endeavor  has  been  made  to 
supjily  as  ii(»ai*ly  as  possibh*  the  unavoidabh^  lack  of  observation  at 
first  hand. 

Th(»  country  rock  in  which  the  (Tuston,  Vankee  Girl,  and  neigh- 
borin.LT  mines  lie  is  a  i)art  of  the  Silverton  formation.  It  is  an  ande- 
sitie  bn^'cia,  usually  somewhat  tleconi posed  near  the  surface,  and 
apparently  oriji:inally  of  rather  homogeneous  character.  With  it  are 
associated  some  Hows  of  massive  andesite.  Locall}^  the  rock  has  been 
so  altered  by  thermal  action  as  to  obliterate  its  original  features.  It 
is  changed  to  a  white  or  yellowish  siliceous  mass,  in  which  the  breccia 
^^uetuie  is  usually  obscure<l  or  losi.     Quartz  is  abundantly  visible 
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ill  it  as  fine  veinlets  and  irregulai*  bunches,  and  the  mass  generally 
contains  much  finely  disseminated  pyrit€\  The  nature  of  this  altera- 
tion has  already  been  fully  descril^ed  on  pages  1:?4-1.31. 

The  Silverton  breccia  is  cut  by  numerous  dikes,  sills,  and  irregular 
intrusive  masses  of  amlesite.  Intrusive  plug-like  masses  of  mon- 
zonite-porphyry,  carrying  conspicuous  phenocrysts  of  orthoclase  and 
quartz  in  a  fine  gray  ground  mass,  are  also  common.  Such  a  mass  is 
ex])osed  at  the  roadside  between  the  Yankee  Girl  and  Guston  mines. 

The  general  character  and  distribution  of  the  typical  Red  Mountain 
ore  deposits  have  ali*eady  been  discussed  (pp.  10:3-104),  and  it  is  only 
necessary  in  this  place  to  proceed  directly  to  the  detailed  descriptions 
of  the  various  mines. 

Yankee  Girl  mine. — The  Yankee  Giil  ore  body  was  discovered  in 
the  autumn  of  1881  by  John  Robinson.^  In  1882  it  was  being  opened 
by  two  shafts,  each  about  oO  feet  deep.  At  that  depth  the  ore  is  said  to 
have  been  about  0  feet  wide,  consisting  chiefly  of  galena  with  bunches 
of  chalcopyrite,  and  carrying  as  much  as  80  ounces  of  silver  and  05 
I)er  cent  of  lead.  The  ore  body  was  rapidly  opened  up  and  proved 
large  and  rich.  In  1883,  with  a  thousand  feet  of  drifts  and  shafts, 
about  3,0()()  tons  of  ore  were  extracted,  with  an  average  value  of  nearly 
8150  per  ton.  The  product  for  this  year  is  given  in  the  Mint  report 
as  $400,000,  and  the  ore  is  said  to  have  carried  a  high  percentage  of 
lead.  In  1884,  according  to  the  same  authority,  the  mine  was  pro- 
ducing about  40  t^ms  a  day,  which,  at  ^B^loO  per  ton,  would  be  something 
over  *2,000,()iM)  for  the  year.  This,  however,  is  obviously  an  excessive 
estimate.  In  1887  the  output  is  not  known,  but  was  probaT)!}'  much 
less  than  ^200,000.  In  1800  it  is  credited  with  $1,352,904,  the  silver, 
as  usual,  being  given  at  its  coinage  value  and  no  return  being  made  for 
copper  or  lead.  In  18!)  1  the  product  is  given  as  $001,405  in  gold  and 
silver,  and  in  lS!i2  it  hml  fallen  to  $05,445.  Of  this  amount  $5,200 
was  in  gold,  $48,333  in  silver  (coinage  value),  $3,632  in  lead,  and 
83S,2S()  in  copper.  Thus  these  fragmentary  records  show  that  in  the 
course  of  ten  yeai's'  working  the  ore  changed,  within  a  vertical  dis- 
tance of  1,000  feet,  from  one  carrying  chiefly  galena  to  ouo  rich  in 
copper. 

This  has  probably  been  the  most  widely  known  and  most  produc- 
tive mine  in  the  Red  Mountain  district,  although  closely  rivaled  by 
the  Guston.  But  it  was  an  expensive  mine  to  operate  on  account  of 
the  iireguiar  form  of  its  large  ore  bodies,  the  abundance  and  corrosive 
activity  of  its  waters,  and  the  necessity  of  hoisting  and  pumping 
through  deep  shafts.  These  a<lverse  conditions,  in  conjunction  with 
a  falling  off  in  the  value  of  the  ore  and  the  decline  in  silver,  finally 
caused  the  mine  to  shut  down  about  1800. 

TIk^  Vaiiivee  Girl  ore  body  lies  in  Silv"ert<m  breccia  (possibly  extend- 


>  T.  A.  Ki'kjird  iTratis.  Am.  Inst.  ^lin.  Eng.,  Vol.  XXVI.  18fl6,  p.  842)  states  that  the  (lis<;overy 
wa-i  iiwi'h'  ill  .\ugUHt,  ls.s:i.  by  Andrew  Meldruin.    This  is  api>arently  erroneons. 
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ing  below  into  the  San  Jnan  breccia),  which,  in  the  vicinity  ot  the 
mine,  is  decompoeed  and  weathered  near  the  surface.  Such  croppingB 
as  may  formerly  have  been  visible  have  been  covered  by  the  .shaft 
hoase  and  other  mine  buildings.  The  mine  was  formerly  worked  b^* 
a  vertical  shaft  over  1,000  feet  in  depdi,  which  in  1899  was  nearly  fall 
of  water,  rendering  the  workings  wholly  inaccessible. 

T.  E.  Schwarz^  described  the  Yankee  Oirl  ore  in  1883  as  ooonrring 
''in  four  chimneys,  three  near  the  sonth  side  of  a  dike  and  the  fourth 
near  the  north  side  of  another  dike  some  distance  away.  The  ore  in 
each  chimney  is  similar  and  often  occurs  in  bowlder  form.^'  In  1886 
Mr.  S.  F.  Emmons  made  a  brief  yisit  to  the  mine  and  recorded-  his 
observations  in  the  following  notes,  not  hitherto  published: 

The  main  shaft  is  smik  about  on  a  level  wHh  the  road,  but  the  old  tunnel  runs 
in  from  the  bottom  of  the  valley  below,  which  slopes  here  very  steeply;  the  tunnel 
outs  the  shaft  about  75  feet  from  the  surface.  From  the  top  of  the  shaft  dovn 
to  the  tunnel  level  the  ore  was  lead  ore,  mainly  galena  and  pyrite.  From  the 
tunnel  level  down  the  ore  began  to  change,  copper  coming  in  and  lead  disappear- 
ing; below  the  third  level  is  practically  no  lead.  The  rich  ore  is  now  a  purple  cop- 
per ore  with  stromeyerite,  copper  glance,  copper  pyrite.  and  some  gray  copper  and 
barite.  Outside  the  ore  body  the  oouutry  rock  is  imprognated  with  fine-grained 
pyrite.  In  the  Orphan  Boy,  one  of  the  Yankee  (Mri  daima,  is  some  manganeae 
spar,  but  it  is  not  at  all  common. 

The  mine  has  six  levels,  the  adit  making  the  first  The  sixth  level  is  at  a  depth 
of  600  feet.  The  shaft  has  been  sunk  118  feet  deeper,  and  a  station  made  for  a 
■eventh  level,  which  has  not  yet  been  opened. 

The  ore  is  found  in  several  cylindrical  or  elliptical  chimDeys,  called,  respectively, 
the  Yankee  Girl,  Orphan  Boy,  North,  West,  and  South  chimneys.  The  main 
shaft  was  sunk  about  in  the  middle  of  one  of  these  chimneys— the  Yankee  Qirl. 
The  discovery  shaft,  about  50  feet  north  of  the  main  shaft,  was  10  feet  down  In 
this  body  when  the  mine  was  finally  purchased  for  $125,000.  In  the  first  and 
second  levels  the  main  shaft  is  still  in  this  chimney,  but  below  it  is  cut  at  an  ever- 
increasing  distance  south.  The  chimney  is  nearly  cylindrical  in  shape,  20  to  :0 
feet  in  diameter,  and  consists  of  wliite  (luartz  rock,  more  or  less  impregnated 
with  mineral.  Around  this  is  country  rock,  somewhat  decomposed,  and  impreg- 
nated with  pyrite— a  sort  of  transition  material:  beyond  this  is  unaltered  breccia. 
Dike  rock,  according  to'Schwarz,  is  always  within  15  feet  or  less  of  the  ore  shoot 
The  west  drift  on  each  level,  running  off  as  a  rule  a  little  sonth  of  the  shaft, 
generally  cuts  through  the '* dike  rock''  and  finds  another  chimney  beyond  it 
But  the  shape  of  the  dike  is  very  irregular:  in  one  drift  it  is  over  100  feet  wide,  in 
the  next  below  almost  wanting,  and  comes  in  again  in  the  next  below.  Accord- 
ing to  Schwarz  it  sometimes  runs  quite  fiat  for  a  considerable  distance.  Herecog 
nizes  two  dikes  running  in  his  ground,  and  another  running  from  the  Qnston 
into  the  Robinson.  I  observed  many  joint  planes  or  cross  fractures,  some  showing 
slickensided  surfaces,  and  these  generally  form  walls  to  the  ore  bodies.  Although 
these  have  a  prevailing  direction  northwest,  there  are  many  other  directions,  and 
their  surfaces  are  sometimes  curving.  It  is  iny  impression  that  such  planes  have 
admitted  or  given  form  to  the  ore  lK>dies,  and  Schwarz  admits  thatthere  is  always 
a  prominent  one  running  with  the  longer  axis  of  the  ore  body,  which  often  tapers 
up  into  it  when  running  out. 

Kaolin  occurs,  presumably  pure,  but  resemblin;<  Chinese  talc,  although  not  so 
translucent.  Bounionite  and  enargite  occur  in  the  Yani  ee  Girl;  also  polybasite 
in  the  uj)per  i>art. 
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In  a  paper  published  in  1888  Mr.  Emmons^  says: 

In  the  Yankee  Girl  there  are  several  chimneys  in  which  the  ore  occurs.  They 
are  of  elliptical  outline,  the  longer  axis  corresponding  in  direction  with  a  main 
system  of  fractures  running  through  the  region.  Although  the  striated  surfaces 
of  these  planes  show  that  there  has  been  movement  along  them,  there  is  but  little 
evidence  left  of  actual  brecciation  of  the  country  rock,  the  ore  solutions  having 
completely  replaced  the  andesitic  country  rock  between  the  fracture  planes  which 
gave  access  to  them;  in  places  a  siliceous  skeleton  is  left,  the  basic  constituents 
being  replaced  by  vein  material;  in  other  places  a  solid  body  of  metallic  minerals 
is  found,  while  the  country  rock  adjoining  the  body  of  pay  ore  is  impregnated  to 
a  considerable  distance  with  low-grade  sulphurets. 

This  same  year  (1888)  Mr.  Emmons  paid  a  second  visit  to  the 
Yankee  Girl.  He  found  ^  that  on  the  sixth  level,  432  feet  deep  accord- 
ing to  Schwarz,  the  Yankee  Girl  ore  body  was  connected  by  ore  with 
the  Orphan  Boy,  a  small  ore  "chimney,"  lying  in  the  upper  levels  about 
150  feet  soutli  of  the  Y'ankee  Girl.  On  this  level  the  Y'ankee  Girl  ore 
body  was  elliptical  in  plan,  10  feet  wide,  and  32  feet  long.  At  the 
fifth  level  it  was  nearly  cylindrical,  8  to  10  feet  in  diameter,  and 
nearly  solid  galena,  passing  below  into  '*  gray  copper  oi*e. "  Just  l)elow 
the  sixth  level  occurred  a  "floor"  or  horizontal  fault  plane.  This 
varied  from  3  inches  to  a  foot  or  more  in  thickness,  of  clayey 
attrition  material,  and  frequently  contained  rounded  masses  of  ore 
with  rock  centers.  It  dipped  to  the  westward,  sometimes  as  much  as 
-5°.  There  seemed  to  him  to  have  l)een  some  movement  along  this 
floor  to  the  westward  or  downhill  toward  the  valley,  but  that  the  ore 
bodies  had  not  been  much  displaced.  A  third  or  "west  ore  body" 
lay  to  the  westward  of  tlie  Yankee  Girl  shoot,  lenticular  in  shape, 
with  its  longer  diameter  nearly  north  and  south.  On  the  sixth  level 
this  was  2  or  3  feet  wide  and  8  or  10  feet  long,  but  with  rather 
poorly  defined  boundaries,  the  ore  fading  off  into  mineralized  country 
rock. 

Mr.  Emmons  records  that — 

Around  each  chimney  of  ore  is  an  envelope  of  ••  (juartz."  This  is  a  blue  siliceous 
material,  sometimes  granular  looking,  sometimes  compact  and  almost  jaspery, 
and  yet  in  the  mass  full  of  cracks,  and  sometimes  of  vesicles  which  are  filled 
with  white  kaolin.  It  is  generally  impregnated  with  fine-grained  pyrite.  The 
ore,  moreover,  fills  little  fine  cracks  or  seams  down  to  an  eighth  of  an  inch  in 
width.  These  are  sometimes  larjfe  enough  to  be  worth  taking  out  in  the  vicinity 
of  the  ore  body.  (Jutside  the  **  quai-tz  "  envelope  comes  the  **  white  rock,"  which 
is  evidently  altered  porphyry,  which  passes  into  a  hard,  compact  blue  rock,  which 
is  probably  the  less  altered  variety. 

What  was  called  quartz  at  that  time  in  the  mine,  Mr.  Emmons  con- 
siders at  the  present  time  to  have  been  a  jasperoid  or  siliceous  i^eplttce- 
ment  of  the  (*ountry  rock.  He  also  states  that  replacement  is  very 
abundant  in  the  volcanic  breccia,  the  matrix  being  first  replaced  by 
ore,  which  finally  coats  the  pebbles  or  fragments  of  the  breccia. 

>  struoturul  relations  of  ore  deposits:  Trans.  Am.  Inst.  Mln.  Eng.,  VoL  XVI,  1888,  p.  834. 
2  Uupii])li8hed  notes. 
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Mr.  T.  E.  Schwarz,  for  several  yearn  Baperintondent  of  this  mine, 
has  kindly  furnished  some  imjiortant  data  in  regard  to  the  ore  bodiesL 
The  ore  in  the  Yankee  Girl  shoot,  down  to  No.  1  level,  a  distanoe  of 
75  feet,  was  chiefly  galena,  and  averaged  77  onnoes  of  aUver  and  36 
per  cent  of  lead.  From  No.  1  level  to  No.  2  level,  80  feet,  it  averaged 
242  ounces  of  silver  and  29  per  cent  of  copper,  lead  not  being  given. 
The  galena,  however,  was  disappearing,  and  the  oharaoteriaUc  min- 
eral from  the  second  to  the  sixth  levels  was  stromeyerite,  aaaociated 
with  chalcopyrite,  pyrite,  and  occasional  ocourrenoes  of  argentite  and 
other  rich  silver  ores,  some  of  which  carried  bismuth.  Similar  changes 
took  place  in  the  Orphan  Hoy  shoot,  although  the  galena  continued 
to  greater  depth.  On  the  sixth  level  (432  feet  deep)  these  two  ore 
shoots  came  together,  a  straight  drift  in  continuous  ore  connecting 
them.  A  few  feet  below  this  occurred  a  heavy,  strong,  nearly  hori- 
zontal seam  or  slip  carrying  much  '^talcy  "  materiaL 

The  rich  ores  of  the  Yankee  GHrl  disappeared  at  this  aeam,  no  stroinejerite  or 
jother  distinctiye  rich  silver  mineral  being  found  below  it.  The  main  Yankee  Giil 
ore  shoot  continued  down  throngh  it  without  perceptible  change  of  position,  and 
was  large  and  strong  from  No.  6  to  No.  8  levels.  The  oharacter  of  the  ore  changsd, 
however,  and  ** peacock  copper/'  with  pyrite  and  chalcopyrite  became  its  opnatitn- 
ents.  Bornite  I  took  to  be  the  principal  ore  for  large  maaw*e.  To  show  grade  of 
selected  ore  produced  from  richest  stopes,  I  may  note  a  shipment  of  10  tons  wlddi 
carried  8,270  onnces  of  silver  and  29  per  cent  of  oof^ier.  A  smaller  lot  of  7,360 
pounds  returned  5,301  onnces  of  silver  and  28.76  per  cent  of  ocpp&t,^ 

Speaking  from  memory,  Mr.  Schwara  believes  that  the  ore  in  the 
bottom  levels  of  the  Yankee  Girl  was  low  gi*ade  and  carried  more 
pyrite  than  above. 

These  various  descriptions  of  the  ore  bodies  are  given  at  some 
length,  since  tliey  are  not  in  perfect  agn^enient  on  all  points,  and  yet 
they  furnish  cnimulative  evidence  of  the  truth  of  certain  important 
features. 

Mr.  Schwar/r  luis  also  i)ul)lished  a  description  of  the  ore  bodies  of 
which  the  Yankee  Girl  is  tlie  type.     He  says,  in  part: 

The  ore  occurs  in  ** chimneys,"  so  called,  having  in  some  cases  an  elliptical  era 
circular  cross  section,  hut  more  generally  long  in  proportion  to  their  width.  The 
greatest  length  of  ore  body  so  far  ohserved  has  Ijeen  abont  CO  feet. 

The  immediate  envelope  of  the  ore  chimneys  is  ''  (jnartz/*  which  is  sometimes  of 
considerahle  extent,  while  the  whole  is  inclosed  in  an  area  of  greater  or  lees  extent 
of  andesitM. 

The  andesite  is  metamorphosed  in  proportion  to  its  nearness  to  the  ore  chimney, 
showing  more  kaolin  and  (juartz  and  less  of  its  original  structure.  It  thus  merges 
into  a  line  grained  hrown  or  grayish  quartz,  sometimes  very  hard  and  flinty.  an<l 
again  (juite  porous.     In  depth  the  (quartz  matrix  l>ecome8  less  characteristic. 


>  Personal  letter  from  Mr.  Se-bwarz.  It  is  not  clear,  in  view  of  the  figures  jiut  given  by  Mr 
Sfhwarz,  just  what  he  lueanH  by  Kayiu^  that  no  rich  silver  ore  occurred  below  No.  6  level.  He 
prolviMy  refers  nier-ly  to  the  niinoraIojjri<yil  change  in  the  ore  from  stromeyerite  to  burnite,  <ir 
he  may  moan  that  these  high-f^'ade  lots  came  Irom  ahove  level  «.  The  hiirb  copper  percentage, 
however,  would  not  indi(*ate  this. 

^Xotes  on  the  ore  occurrenci'S  of  the  Rotl  Mountain  «li^triet:  Proc.  Colo.  Sol.  Boc,  VoL  IIU 
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In  the  case  of  six  chimneys  occurrinj?  on  the  Yankee  Girl,  Gaston,  and  Silver 
Bell  properties,  being  the  only  ones  on  which  depth  has  l^een  obtained,  a  marked 
increase  in  the  silver  content  of  the  ores  occnned  Irom  the  surface  down  to  800  to 
400  feet  of  depth. 

Changes  of  character  of  ore  with  depth  are  noticeable  in  several  chimneys,  but 
notably  so  in  the  Yankee  Girl  chimney.  In  this  case  the  distinctive  minerals,  in 
order  of  depth,  have  been  galena,  gray  copper,  stromeyerite,  and  bornite.  In  those 
chimneys  in  which  enargite  has  been  the  surface  ore  no  depth  has  yet  been 
obtained. 

The  chimneys  frequently  change  their  pitch,  sometimes  quite  suddenly.  *  *  * 
A  jump  of  15  to  25  feet  along  some  horizontal  plane  is  not  infrequent.    *    *    * 

Every  chimney  is  connected  with  one  or  two  cleavage  or  fracture  planes,  which 
bound  a  portion  of  the  ore  body,  while  on  the  other  sides  the  ore  merges  into  the 
quartz  or  andesite.  These  planes  usually  show  strialions  slickensides,  and  more 
or  less  gouge  material,  but  are  not  of  great  persistence  laterally. 

Horizontal  planes  occur  of  great  strength,  which  have  indirectly  had  marked 
infinence  on  the  ore  bodies,  changes  of  character  occnrrin.?  at  such  horizons. 

In  the  Guston  and  Yankee  Girl  the  increase  in  the  amount  of  the  copper  ore 
with  depth  is  notable,  as  is  also  the  fact  that  the  silver  is  confined  main!}'  to  such 
ores. 

Mr.  Sohwarz  supposed  the  ore  to  have  been  brought  in  by  solutions 
moving  chiefly  along  horizontal  planes,  perhaps  bedding  planes,  and 
to  have  been  derived  from  the  andesite  of  the  region.  Ilis  explana- 
tion is  essentially  that  of  a  rather  narrowly  confined  lateral  secretion. 
The  maximum  length  of  GO  feet  was  probably  exceeded  by  the  ore 
bodies  worked  in  the  Yankee  Clirl  and  Guston  subsequent  to  1888. 
One  of  them  is  reported  by  one  who  saw  it  to  have  teen  140  feet  in 
length  and  20  feet  wide.  According  to  Schwarz,  several  carloads  of 
ore  frcmi  the  Yankee  Girl  carried  from  1,500  to  3,000  ounces  of  silver 
per  ton,  and  one  lot  of  about  fi  tons  contiiined  5,300  ounces  of  silver 
))er  ton.     Such  ores  carried  30  to  33  per  cent  of  copi>er. 

According  to  Mr.  J.  Owen,  who  formerly  worked  in  the  Yankee 
Girl  and  is  at  present  superintendent  of  the  Silver  Lake  mines,  the 
rich  bodies  of  stromeyerite,  whicli  had  been  so  productive  prior  to 
188S,  began  to  change,  at  about  500  feet  in  depth,  to  bornite,  which, 
although  lower  grade,  was  yet  good  ore.  At  this  level  there  was  a 
fault  encountered  which  threw  the  lower  portion  of  the  ore  body  to 
the  west.  Jk»low  this  the  deposit,  according  to  Owen,  has  more  the 
character  of  a  vein  10  or  12  feet  wide  and  running  *' north  and 
south."  It  consists,  near  the  bottom  of  the  shaft,  of  large  bodies  of 
l)<>rnite,  with  some  ehalcocite,  assaying  as  much  as  57  per  cent  of  cop- 
l)cr.  (As  pure,  nonargentiferous  bornite  contains  only  55.5  per  cent 
of  coppei-,  this  assay,  if  correct,  would  indicate  the  presence  of  consid- 
eralilc  ehalcocite.)  Two  carloads  of  this  ore  were  shipped  by  Owen 
from  a  winze  40  feet  below  the  bottom  of  the  present  shaft,  and  it  is 
said  to  b(?  abundant  at  that  depth.  From  the  eleventh  level  ore  was 
shii)ped  worth  from  $500  to  1700  per  ton  in  silver  and  copi>er.  The 
hitter  averaged  about  20  per  cent.  No  large  bodies  of  iron  pyTite 
were  found  in  the  Yankee  Girl,  according  to  Owen, 
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At  preseiit  the  Yankee  Oirl  shaft  is  about  1,050  feet  in  depth.  A 
plan  of  the  extensive  levels  shows  an  intricate  maze  of  workings  in 
which  no  linear  system  is  discernible.  The  mass  of  the  workings  lie 
just  west  of  the  shaft,  and  in  i^an  may  be  roughly  inclosed  in  an  irreg- 
ular triangle.    A  smaller  extent  of  workings  li(»  just  east  of  the  shaft 

Inspection  of  the  dump,  as  well  as  inquiry,  shows  that  there  was 
never  much  vein  quartz  associated  with  the  ore.  The  '* quarts'*  of 
the  miners  is  very  largely  the  bleached  and  silicified  country  rock 
adjacent  to  the  nearly  solid  bodies  of  ore.  Where  vein  quarts  occurs 
it  usually  carries  iron  pyrite.  Barite,  in  small  masses  and  crystals, 
occurs  embedded  in  the  bomite.  The  chalcocite  is  generaUy  inti- 
mately associated  with  small  amounts  of  chalcopyrfte.  Some  speci- 
mens show  that  the  ore  has  been  fractured  and  recemented  by  veinlets 
of  calcite.  The  ore  minerals  observed  on  the  dump  were  galena, 
sphalerite,  chalcocite  (stromeyerite),  bomite,  chalcopyrite,  and  pyrite. 
Cosalite  was  recognized  in  1884,  therefore,  in  the  upper  part  of  the 
deposit,  and  was  analyzed  by  A.  H.  Low,^  as  follows: 

Analysis  of  eowUtefrom  Yankee  Oirl  mine. 


Oonstitoent 

Peroeni. 

CVmstitiieDt. 

Peronit. 

Bbnanth  , „ 

3ft.» 
8.70 

S8.28 
3.74 

Iron — ... 

4.« 

SUTer 

Snlpfanr  (by  difference) 

Lead 

Copper  

IWAtI 

Proustite  and  polyhasite  also  occurred  occasionally  in  the  Yankee 
Girl  ore  bodies. 

All  accounts  of  the  Yankee  Girl  mine  unite  in  emphasizing  the 
chemical  activity  of  the  underground  waters  encountered  in  the  work- 
ings. According  to  Schwarz*^  they  contained  *'  24  grains  per  gallon  of 
sulphuric  acid  (SO3)."  Candlesticks,  picks,  or  other  iron  or  steel  tools 
left  in  this  water  l)ecomo  quickly  coated  with  copper.  Iron  pipes  and 
rails  were  rapidly  destroyed,  and  the  constant  replacement  of  the 
piping  and  pumps  necessary  to  handle  the  abundant  water  was  a 
large  it^ni  in  the  working  expenses.  All  agree  in  stating  that  the 
water  entered  far  less  abundantly  below  the  sixth  level.  Some  who 
worked  in  the  mine  express  it  as  Innng  "not  so  bad"  below  that  level. 
But  closer  incjiiiry  usually  elicits  the  information  that  it  was  less  abun- 
dant hut  as  much  or  even  more  corrosive  than  at  the  upper  levels. 

The  product  of  the  Yankee  Girl  is  rouglily  estimated  at  alK)ut 
$3, 000, 000. 

Ri)hinsi>n  mine, — This  mine  is  really  a  part  of  the  Yankee  Girl, 
both  ])einji:  worked  together.     It  has  produced  some  good  ore,  hut 

»Pr<)C.  Colo.  Sci.  S(K-.,  Vol.  I.  18>*l,  p.  111. 

"Trans.  Am.  lunt.  Min.  Eng.,  Vol.  XVIII,  188»-«0,  p.l3». 
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little  could  be  ascertained  concerning  the  details  of  its  occurrence. 
According  to  Mr.  J.  Owen,  the  ore  changed  to  iron  pyrit^,  but  the 
depth  at  which  the  change  took  place  was  not  stated  by  him.  The 
shaft  of  the  Robinson  is  sunk  alongside  one  of  the  mounds  of  siliceous 
altered  breccia  characteristic  of  this  region. 

It  is  stated  b}'  Mr.  Owen  that  a  distinct  vein  or  fissure  was  followed 
from  the  Guston  into  the  Robinson,  and  was  demonstrated  by  drift- 
ing to  extend  into  the  Genesee- Vanderbilt.  The  same  fissure  was 
cut  by  an  east  crosscut  in  the  Yankee  Girl. 

O-usfonmine, — This  ore  deposit,  just  north  of  the  Yankee  Girl,  was 
opened  shortly  aft«r  the  latter,  in  1882.  The  ore  body  as  exposed  at 
that  time  is  said  to  have  been  5  feet  wide  and  carried  58  ounces  of 
silver  per  ton.  It  was  chiefly  galena,  with  some  copper  mineral,  prob- 
ably tetrahedrite.  In  1883  the  mine  produced,  according  to  the  Mint 
reports,  ♦57,500.  In  September,  1887,  steps  were  taken  to  form  the 
present  New  Guston  Company,  Limited,  of  London,  England,  and 
the  mine  was  closed  until  June,  1888,  when  work  was  resumed  with 
Mr.  T.  E.  Schwara  as  superintendent,  and  extensive  bodies  of  or© 
were  found  on  the  third,  fourth,  and  fifth  levels,  yielding  in  carload 
lots  up  to  450  ounces  of  silver  per  ton.  The  depth  of  the  mine  at  this 
time  was  only  288  feet,  while  the  Y'ankee  Girl  was  down  1,050  feet. 
The  product  for  1888  was  about  $130,000.  In  1889  ore  was  produced 
to  the  value  of  over  $390,0(X),  and  work  was  carried  to  the  sixth  level, 
378  feet  from  the  surface.  Mr.  James  K.  Harvey  this  year  su(!ceeded 
Mr.  Schwarz  as  superintendent.  At  the  close  of  1889  the  mine  had 
already  paid  dividends  amounting  to  £56,374  (about  $274,000).  In 
180O  the  shaft  was  sunk  to  the  seventh  level  and  extensive  stoping 
carried  on  in  the  upper  levels.  Ore  to  the  amount  of  4,469  tons  was 
sold,  wliich  realized  $491,336  (£101,008),  or  an  average  of  nearly  8110 
per  ton  after  deducting  treatment  charges.  Several  carloads  of  this 
ore  carried  from  600  to  1,400  ounces  of  silver  per  ton.  The  product 
this  year  was  principally  from  the  stoj^s  of  the  fifth  and  sixth  levels. 
The  ore  carrying  most  silver  was  encount-ered  on  the  fifth  level  north 
of  the  shaft,  and  contained  12  per  cent  of  copper.  At  this  time  there 
were  from  200  to  3(K)  men  employed  in  the  mine,  and  the  small  settle- 
ment of  (Tuston  had  grown  up  in  the  vicinity  of  the  shaft.  The  water 
pump)ed  from  the  mine  this  year  was  about  35  gallons  per  minute, 
and  is  said  to  have  been  charged  with  sulphuric  acid  from  oxidation 
of  i)yrite.  The  Mint  reports  credit  the  mine  with  a  total  output  of 
S(;4,768  ounces  of  silver  and  $57,500  in  gold  for  1890.  The  product  in 
copper  is  not  given.  In  1891  the  main  shaft  had  reached  the  ninth 
level,  about  678  feet  below  the  surface,  and  the  water  had  increased 
to  about  50  gallons  per  minute,  being  of  the  same  corrosive  character 
as  that  found  in  the  upper  levels.  The  ore  raised  this  year  amount>ed 
to  11,723  tons,  which  realized  $824,467,  or  an  average  of  over  $70  per 
ton,  net  value.     The  cost  of  mining  was  nearly  $19  per  ton,  while 
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dnring  the  preoeding  year  it  had  averaged  Hlxtiit  %Z2  per  ton*  The 
decrease  in  the  price  of  silver  was  already  Affoeting  the  protit^  of  the 
company.  In  18d2  tiie  ore  raised  amoimie<i  to  U,2fa  tons,  which 
realised  approximately  1247,232,  cmt  an  average  of  only  alxHit  #17.40 
per  ton.  The  cost  of  mining  was  about  ^13  pc^r  imu  This  gt^at 
de<^rease  in  value  was  due  not  only  to  general  fall  in  the  price  of  Oli- 
ver, but  to  a  falling  off  in  the  grade  of  the  ore.  The  uhnU  had  lieeu 
sunk  to  the  tenth  level,  but  noimjiorlant  l>cKlia^  of  oi-e  were  di^eov* 
ered  in  the  200  feet  between  the  eighth  and  tmnli  leveh,  and  the  prod- 
uct was  chiefly  from  the  nearly  worked-out  f^topet^  of  the  upper  levels^ 
from  No.  3' to  No.  7.  In  1893  the  shaft  wm  tmrried  down  136  feel 
below  ^e  tentAi  level  and  a  crosscut  started  on  the  eleventh  leret 
The  ore  nrised  amounted  to  7,^0  tons,  which  soiii  .^or  919.^  per  «». 
The  water  now  pumped  from  the  mine  amounted  to  60  ga}kwa  a  min- 
ute.  In  1894  a  large  quantity  of  ore  was  extracted,  eMsOJr  tram  tka 
ninth  to  the  twelfth  levels,  of  which  the  greater  part,  b^ng  low  gtade^ 
went  to  the  Silverton  matte  smelter,  then  beginning  opexatians*-  In 
1895  the  maximum  tonnage  for  any  yewr— 14,833  tons — ^was  eittraeted 
tnmk  the  mine,  but  the  average  value  was  lower  than  ever  befoxe. 
l%e  annual  tonnage,  average  sales  value  of  the  ore  per  ton  (gral 
value  less  cost  of  treatment),  average  cost  of  mining  per  um^  and 
amount  of  dividends  paid,  covering  the  eight  years  in  wiiiidi  the  mine 
was  in  most  active  operatiim,  are  ahsrwu  in  thia  fWlawiag  Irahle, 
piled  from  the  annual  reports  of  the  directors  of  the  company: 


Tonnage,  ore  values,  cost  of  mining,  and  dividends  of  Chiston  mine. 


Year. 


.890. 
[891. 
892. 
883. 
.894. 
895. 


Total. 


Aveittfe 
Ore  raifled.i  sale  VRlae 
per  ton. 


Tons.  I 
315  I 
2,882  j 
4,469  I 
11,723  I 
14,291  I 
7,280  I 
13,334  I 
14,833  I 


69,127  ; 


Average 

ooetOT 

mining  per 

ton. 


$363.26 
131.50 
109.80 
70.65 
17.40 
18.40 
12.80 
10.70 


a  91. 81 


153.  AC) 

32.  eo 

82.25 
18.00 
13.10 

i7.ao 

9.60 
10.20 


a  23. 43 


Amoontof 

dividends 

paid. 


$77,941.90 
181,875.01) 
315, 29a  00 
42S.80a« 
146,712.90 


1,148, 579. «} 


a  Average. 


Ill  1897  the  mine  was  compelled  to  cease  operating,  the  low  grade  of 
the  ore  and  the  decline  in  the  value  of  silver  having  acted  together 
to  render  further  work  unprofitable.  The  total  output  since  1888  has 
considerably  exceeded  %2,500,000,  of  which  nearly  half  was  distributed 
in  dividends.  In  all,  14  levels  had  been  worked  and  a  depth  of  nearly 
1,300  feet  attained.  To  free  the  mine  from  water  at  this  depth  the 
pumps  were  required  to  raise  over  100  gallons  a  minute  and  great  care 
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and  constant  attention  was  required  to  prevent  the  destruction  of  the 
pumps  and  column  bj'  corrosion. 

When  visit4»d  in  1809  the  mine  was  filled  with  water  to  the  second 
level,  114  feet  l)elow  the  surface.  The  level  of  this  water  fluctuates 
with  the  seasons,  and  in  spring  sometimes  rises  to  the  first  level,  50  feet 
from  the  surface.  As  the  deeper  workings  are  whollj^  inaccessible, 
the  following  description  of  the  ore  bodies  is  drawn  from  the  annual 
reports  of  the  superintendents,  Messrs.  Schwarz  and  Harvey,  and 
from  pei*sonal  conversation  with  men  who  worked  in  the  mine. 

In  their  general  shape  the  ore  bodies  resembleil  those  of  the  Yankee 
Girl.  They  were  roughly  ellipsoidal  masses  standing  nearly  vertical, 
and  consisting  of  nearly  solid  ore  with  very  little  gangue,  surrounded 
by  altered  country  rock  impregnated  with  pyrite.  The  actual  sizes  of 
these  masses  of  ore  are  difficult  to  ascertain  at  the  present  time.  Some 
of  the  stoi>es  were  nearly  200  feet  in  length  and  several  hundred  feet 
in  height.  The  width  of  the  ore  varied  greatly  in  different  bodies  and 
in  different  portions  of  the  same  ore  mass.  Widths  of  from  20  to  30 
feet  apijear  to  have  been  not  uncommon. 

The  ore-body  stope  on  the  seventh  level  was,  in  1802,  45  feet  in 
length  and  94  feet  average  height.  The  width  of  the  ore  for  a  distance 
of  20  feet  was  14  feet;  elsewhere  less,  and  irregular.  The  ore  from  this 
stope  carried  from  20  to  80  ounces  of  silver  and  0.3  ounce  of  gold  per 
ton,  with  from  5  to  8  jHiv  cent  of  copper.  The  middle  stope  on  the 
same  level  had  a  length  of  116  feet,  an  average  height  of  87  feet,  and 
an  average  width  of  ore  of  22  feet.  Its  ore  carried  from  15  to  35 
ounces  of  silver  and  0.2  ounce  of  gold  per  ton.  These  are  given 
simply  ini  examples  of  typical  stopes  which  produced  large  amounts  of 
rather  low-grade  ore. 

Thes(^  ore  bodies  usually  occurred  along  what  was  termed  the  "ore 
break,"  a  zone  of  altered,  disturbed,  and  more  or  less  broken  countrj^ 
rock,  intersected  by  slip  planes  and  containing  much  kaolin,  as  well 
as  soft  attrition  material.  This  ore  break  is  said  to  traverse  the 
Guston  claim  from  end  to  end,  which  would  give  it  a  course  of  from 
20^  to  30"  east  of  north  and  to  lie,  in  places  at  least,  nearly  GO  feet  in 
width.  From  levels  2  to  7,  a  depth  of  364  feet,  this  ore  break  dips 
steeply  to  the  east;  but  just  l>elow  the  seventh  level  a  slip  or  fault  was 
encountered  dipping  45°  to  the  west,  which  cut  off  the  ore  entirely. 
Hy  following  the  soft  clay  gouge  which  occupied  this  fracture  plane 
the  ore  break  was  found  again  below,  lying  from  30  to  50  feet  to  the 
westward.  It  here  dipped  steeply  westward  and  did  not  carry  much 
ore.  It  was  not  until  the  tenth  level  was  reached  that  its  dip  again 
became  easterly  and  it  resumed  the  character  which  it  had  had  above 
the  seventh  level.  The  ore  in  this  level  also  was  In^tter,  or  at  least  in 
largei*  bodies,  than  anything  hitherto  found  below  the  seventh  level. 

The  ellipsoidal  or  irregular  01*6  bodies  were  nearly  always  found  in 
connection  with  this  ore  break,  but  they  were  most  irregularly  placed 
and  were  found  only  by  pereistent  and  thorough  prospecting,  partly 
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with  the  diamond  drilL  In  general  the  longer  axc«  of  tho  ellipiwii 
appear  to  have  been  nearly  parallel  with  Uie  trend  of  tho  ore  bmnk, 
InclividiiaVly,  hnwever,  Uie  ore  h(KUe,4  show  mneh  variiition^  Thus.^  o^ 
\hv  tliii'teenth  Ievi*l  h  M.reHk  of  ore  is  reeorderl  an  bearin**'  N,  ."JO'  WT* 
Thtw  wi4*L*  eomninnly  found  by  drifting  along  the  "soft  grciuiid, 
pif's^iuiiahly  fnH*t.iin*  planes  aswotnaitKl  with  attrition  material  hh^ 
katilin.  A  phui  of  llin  underground  wt^rklagw  of  tht*  GuHton  niiuft' 
(PL  XV)  shows  II  highly  iritrieate  anil  irn>gnliir  niazi?  uf  tlriftw  aii<I 
oros^uutK  running  out  in  id  I  directioin^  fnnu  the  Mlmft,     The  niiiiv 


Fth,  m,  -tjtJTjgltudinul  itnd  traiisvt^rre  !=^*.*cHoiib  ttirotii^h  thei  Ouiitoti  mine, 

however,  shown  distinct  evidence  of  a  general  elongation  of  the  ore  bod* 
ies,  or  of  the  ore-lM^aring  ground,  along  au  axi.s  bearing  about  N,  Si:r  K. 
As  shown  by  the  lougitndiunl  seetion  of  the  mine,  the  slopes  att^inrd 
their  greatest  aggitsgate  length,  about  600  feet,  on  the  fifth  level,  and 
grew  shorter  lieh»w.  Longitudinal  and  transverse  sections  of  lb** 
**niHin  ore  body/'  eompiled  from  a  mine  map  made  in  1890  and  frDW 
the  annual  reports  of  tlie  eonipany,  are  shown  in  lig,  16.  The  trai** 
\^er*io  Koelion  wan  evVfeuWy  \ti\^^wVh\  \t>  s\m>n\  x\\q  general  p«>aitionof 
the  so-called  ore  break,  aivcV  aio\.  ol  W\vi  *^^V\\\\\Qx^Ay^\^^. 
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One  ot*  the  most  inteivstiiig  and  important  facts  in  connection  with 
the  (t  list  on,  as  well  as  with  other  mines  of  this  district,  is  the  cliange 
in  character  of  their  ores  witli  depth.  The  pilena  ore  of  the  main  ore 
body,  carrying  from  50  to  60  per  cent  of  lead  and  from  30  to  40  ounces 
of  silver,  continued  down  to  the  second  level,  or  a  little  lieyond,  wliere 
it  is  said  to  have  changed  rather  abruptly  to  high-grade  stromeyerite. 
Galena,  however,  occurred  in  the  mine  in  considerable  quantities  down 
to  the  fifth  level,  288  feet  in  depth,  and  in  decrejising  amounts  to 
greater  depths.  Some  heavy  galena,  carrying  from  100  to  175  ounces 
of  silver,  is  known  to  have  occurred  at  a  depth  of  212  feet.  With 
increasing  depth  stromeyerite,  or  argentiferous  clialcocite,  Ix^came  the 
chara<*t(»ristically  rich  ore  of  the  mine,  associated  with  pyrit<^  and 
chalcopyrite.  Some  of  this  was  very  rich,  and  in  181il  some  ore  from 
the  sixth  level  (378  feet)  carried  as  much  as  15,000  ounces  of  silver 
and  3  ounces  of  gold  per  ton.  The  lowest-grade  ore  in  the  deeper 
workings  was  pyrite,  which  usually  carried  less  than  20  ounces  of  sil- 
ver and  a  fraction  of  an  ounce  of  gold  per  ton,  and  fi*om  3  to  5  per 
cent  of  copper,  probably  from  admixture  of  chalcopyrite.  The  chal- 
copyrite was  higher  gnide,  usually  carrying  from  12  to  45  ounces  of 
silver  and  a  fraction  of  an  ounce  of  gold  per  ton,  and  f^om  8  to  12  per 
cent  of  copper.  Even  in  the  best  stopes  of  the  fifth  and  sixth  levels 
there  was  always  moi'e  or  less  chalcopyrite  and  pyrite  associated  with 
the  rich  stromeyerite,  the  lower-grade  ores  apparently  often  prevail- 
ing on  the  peripheries  of  the  larger  ore  masses. 

Helow  tlie  slip  plane,  which  occurred  just  below  the  seventh  level, 
at  about  500  feet  in  depth,  the  ore  was  harder  and  more  compact  and 
stromeyerite  was  not  found  in  any  quantity,  the  ore  down  to  the  tenth 
level  consisting  chiefly  of  large  masses  of  low-grade  pyrite,  with  some 
lK)rnit<*  and  chalcopyrite.  The  pyrite  rarely  carried  as  much  as  20 
ounces  of  silver,  with  a  little  gold  and  copper.  Some  bornite  found 
on  the  ninth  level  (078  feet)  carried  from  125  to  450  ounces  of  silver 
and  one- fourth  to  one-half  ounce  of  gold  per  ton,  with  25  to  50  per 
cent  of  copper.  This  was  associated  with  chalcopyrite  carrying  16  to 
75  ounces  of  silver  and  gold  up  to  1  ounce  per  ton,  with  from  8  to  15 
l)er  cent  of  copper,  and  with  pyrite  carrying  up  to  15  ounces  of  silver 
per  ton,  with  a  little  gold  and  copper.  In  both  the  ninth  and  tenth 
levels  small  quantities  of  ore  were  frequently  met  with  carrying  free 
gold,  assays  from  level  0  giving  as  much  as  20  ounces  of  gold  per  ton. 

T\w  ore  of  the  eleventh  level  was  similar  to  that  of  the  tenth,  but, 
as  in  all  tiii^se  lower  levels,  the  ricii  bornite  l>ore  a  smaller  proportion 
to  the  low-gradi*  i)yrite  and  chalcopyrite  than  did  the  stromeyerite  and 
galena  of  the  upper  workings.  The  ore  in  the  stopes  connected  with 
these  levels  vari(»d  in  width  from  18  inches  up  to  25  feet.  Some  free 
gold  was  se(»n  in  i)arite,  associated  with  the  bornite.  On  level  12  ore 
occurred  in  large  solid  masses,  one  lx>ing  known  to  be  72  feet  in  length, 
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with  a  maxim  tun  width  of  37  feet.  But  it  wai^, chiefly  lo>v -grade  pjTite 
containing  occasional  nodnles  of  boriilte  nm]  chalcopyrite,  tiHrtaliy 
with  some  barite.  Substantially  ident  ic*a1  ort'  whh  fomul 
teenth  level. 

Through  the  kindness  of  Mr.  Bedford  McNeill,  of  London,  liquida- 
tor of  the  New  Ouston  Com^nyi  the  following  notes,  dated  Mardb 
13, 1900,  were  obtained  from  Capt.  James  K.  Harvey,  formerijrsoper- 
intendent  of  the  mine: 

Qslena  ore  was  most  abundant  in  the  superficial  workings,  it  baring  bssn 
met  with  almost  at  surface,  and  continoed  down  to  tbe  fourth  levcL  The  oie 
contained  frcmi  8  to  50  i»er  cent  lead;  silver,  9  to  80  ounces;  gold,  trace  per  too. 

At  the  third  level  ofaalcopyrite  and  ohaloodte  were  discovered,  and  oonliaued 
down  to  where  the  fault  was  encountered,  a  few  feet  underneath  the-llcMxr  at  the 
•erenthievel.  CoiitMit8<rfore:  Copper,  5  to  15  per  cent;  sIlTflr,  95  to  700  ounces;  gold, 
oil  lo  8  ounces  per  ton.  A  few  cars  were  shipped  (about  10  tons  to^ie  car>  tliaft 
ran  over  1,900  ounces  silver  perton,  with  a  corresponding  gold  increase. 

From  Uie  third  to  the  sixth  level  the  cure  oooarred  in  the  form  <tf  a  chlBiii^,  Us 
dtmenslcms  being  from  19  to  16  feet  in  length  and  width  at  the  third,  fSourlh,  and 
fifth  levels,  to  90  to  80  in  length  and  width  at  and  over  the  dxth  leveL  Under- 
neath the  sixth  level  the  ore  lengthened  south  approximately  900  feet,  wiHi  a  widtli 
of  from  8  to  80  feet. 

Bolid  bodies  of  iron  pyrites  w«re  discovered  at  tiie  «iz<ii  levelt  and  coiitiinied  to 
tiie deepw  workings.  Contents:  Silver,  4  to 90  ounces;  cqpper,  1  toSper  cent; goUi, 
trace  to  0.90  ounce  per  ton. 

Bomite  was  met  with  in  quantity  between  the  ninth  and  twelfth  levels.  Coo- 
tents:  Copper,  18  to  95  per  cent;  silver,  00  to  175  onnoes;  gold,  one-fourth  to  l^ounces 
per  ton.  Free  gold  was  found  occasionally  with  the  bomite;  that  is  to  say,  on  the 
fluorspar  <  associated  with  the  bomite.  No  free  gold  was  seen  above  the  ninth 
level,  or  in  any  other  instance. 

There  was  but  little  change  in  the  volume  or  character  of  the  water.  It  was 
destructive  to  pumps  and  column  if  they  were  not  properly  protected. 

Generally  speaking,  the  inclosing  porphyry  was  more  decomposed  where  the 
ore  was  most  compact  and  richest  in  its  metallic  contents. 

From  the  foregoing  it  appears  thai  tliere  was  first  an  increase  in 
the  value  of  the  ores  down  to  the  sixth  or  seventh  level,  and  then  a 
sudden  falling  off  in  value  at  the  slip-plane  below  the  seventh  level. 
Below  this  occurred  a  diminution  in  the  richness  of  the  ore  down  to 
the  bottom  of  the  mine.  The  characteristic  ore  minerals,  in  the  order 
of  tlie  depth  at  which  they  prevailed,  were  galena,  stromeyerite 
(pyrite?),  bornite,  chalcopyrite,  and  pyrite.  But  this  succession  is 
true  only  in  general  terms.  Sudden  and  perplexing  changes  in  the 
value  and  mineralogical  composition  of  tlie  ore  occurred  within  the 
individual  ore  bodies  at  all  levels,  and  the  various  minerals  named 
overlapped  in  most  complex  fashion,  although  the  bornite  apparently 
had  a  definite  upper  limit  and  the  stromeyerite  a  definite  lower  limit. 
Of  all  the  ore  minenals  pyrite  appears  to  have  had  the  greatest  ver- 
tical range,  and  it  undoubtedly  formed  an  increasing  proportion  of 
the  ore  with  depth.  The  highest  values  in  silver  and  gold  were  found 
in  coiiiieetion  with  lugb  percentages  of  copper. 
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According  to  Mr.  Terrill,  at  present  in  charge  of  the  mine,  good  ore, 
consisting  of  argentiferous  bornite,  was  struck  in  the  fourteenth  or 
bottom  level,  but  was  never  extracted.  Had  there  been  any  consid- 
erable body  of  high-grade  ore  revealed,  however,  it  is  hardly  probable 
that  the  mine  would  have  shut  down,  no  considerable  loss  in  its  opera- 
tion having  been  incurred  and  no  assessments  having  been  levied  on 
the  shareholders  when  work  ceased. 

Mr.  S.  F.  Emmons  made  a  brief  visit  to  the  mine  in  1888  and  has 
recorded  his  observations  in  unpublished  notes.  He  visited  a  new 
find  of  ore  on  the  third  level,  which  had  been  overlooked  by  the  former 
owners.  This  was  a  solid  mass  of  chalcopyrite  mixed  with  tetrahe- 
drito  and  galena  and  caiTying  up  to  750  ounces  of  silver  per  ton.  He 
found  that  this  ore  body,  with  a  strike  of  N.  30°  E.,  and  dipping  fyom 
30°  to  4:0"  to  the  northwest,  was  limited  on  its  foot-wall  side  by  a  dis- 
tinct plane  showing  fault  movement.  According  to  Mr.  Emmons, 
the  sheeted  structure  of  the  original  country  rock,  which  had  been 
replaced  for  a  width  of  about  10  feet  by  ore,  was  still  recognizable  in 
the  latter.  The  ore  body,  which  was  not  more  than  10  or  15  feet  long, 
graded  into  quartz,  clouded  with  snow-white  kaolin,  and  this  in  turn 
into  altered  country  rock  or  *' white  rock." 

Geneste-Vanchrhilt  mine, — The  original  Vauderbilt  shaft  was  sunk 
just  southwest  of  the  Yankee  Girl,  in  one  of  the  characteristic  siliceous 
knolls  of  the  district.  This  consists  of  a  hard,  quartz-like  rock,  in 
which  can  still  be  detected  outlines  of  porphyritic  crystals  of  feldspar, 
now  wholly  decomposed,  In  some  places  the  original  rock  is  practi- 
cally wholly  replaced  by  quartz.  In  the  Mint  report  for  1882  it  is 
noted  that  the  Genesee,  then  opened  by  two  shafts  15  feet  and  20 
feet  d€»ep,  showed  a  body  of  galena  3  feet  thick,  associated  with  "cop- 
per," th(»  whole  carrying  from  15  to  40  ounces  of  silver  i)er  ton.  The 
''copper''  was  probably  chalcopyrite  or  tetrahedrite.  In  1888  the 
product  of  the  Vauderbilt  as  derived  from  the  same  source  was 
$72,072.  It  was  subsequently  found  that  the  Vauderbilt  and  Genesee 
ore  bodies  were  identical,  or  at  least  so  closely  associated  that  it  was 
impracticable  to  work  them  separately,  and  the  mines  were  therefore 
consolidate<l.  The  present  workings  (fig.  17),  begun  in  1891,  consist 
of  a  tunnel  820  feet  in  length,  connecting  with  the  old  shaft  through 
stopes,  and  a  second  shaft,  700  feet  in  depth,  sunk  near  the  end  of  the 
adit  tunnel.  Levels  were  run  at  300,  400,  500,  600,  and  700  feet  below 
the  tunnel  level.  In  18l)ii  this  shaft  was  filled  with  water  to  >vithin  a 
few  feet  of  the  (»ollar.  Although  the  mine  has  produced  some  good 
ore,  it  is  said  to  have  been  on  the  whole  unprofitable.  The  ore  was  of 
a  lower  grade  than  that  in  the  Guston  and  Yankee  Girl,  and  the  profits 
accruing  from  the  exploitation  of  one  ore -body  were  usually  more  than 
expended  in  searching  for  the  next  one.  Work  was  finally  suspended 
in  180(>. 

In  18U9  a  little  ore,  consisting  chieflj'  of  galena  and  sphalerite.,  was 
being  taken  out  by  leasers  above  the  ad\t»\^x^V     Xft^!«e«»^^'^SK'2>^^'^^ 
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to  one  large  stope  extending  nearly  to  the  surface  where  the  original 
Vanderbilt  shaft  was  sunk.  The  ore  body  that  once  filled  this  stope 
was  eYidently  of  lenticular  form,  the  maxlmimi  dimension  nearly  ver- 
tical, and  the  mean  diameter  nearly  north  and  south.  Around  the 
peripheiy  of  Ihe  lens  the  ore  bqd|^iilidg6d  out  c^ompletely.  I  was  unable 
ia  the  ftooeisible  portions  of  the  Blotie  to  recognize  any  dominant  fie- 
aitre jof  whleh  the  lana  of  ore  might  be  eonaidered  as  filling  an  enlarged^ 
p(»rtioB.    Nevertheless  it  was  by  following  the  so-called  slips  or  gougm^ 


Fig.  17.— Plan  of  a  portion  of  the  undergrround  workings  of  the  Gtoneaee-Vanderbilt  mine. 

in  the  country  rock  that  the  ore  bodies  were  always  discovered  when 
not  found  by  drilling  (fig.  18). 

Mr.  T.  E.  Schwarz  has  pointed  out  that  the  principal  **ore  break" 
of  the  Grenesee-Vanderbilt  turned  through  an  angle  of  about  140°  in 
passing  from  the  surface  down  to  the  600  level.  This  is  indicated  in 
fig.  10,  taken  from  Mr.  Schwarz's  paper.  ^ 

According  to  Mr.  Otto  J.  Schulz,  of  St.  Louis,  at  present  trustee  of 
the  Genesee- Vanderbilt  mine,  there  were  four  separate  pay  shoots  on 
the  surface,  only  one  of  which  was  explored  to  the  700  level.  The  best 
ore  occurred  at  a  depth  of  about  250  feet  below  the  collar  of  the  main 
shaft,  and  extended  down  to  within  about  20  feet  of  the  300  level. 


i  Trans.  Am.  Inat.  '^^Vti.  'E.u^.^N  o\.*JX>A^'^>^.  VQ58. 
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This  ore  was  solid  and  contained  little  waste.     Its  value  is  shown  in 
the  following  table,  compiled  from  data  furnished  by  Mr.  Schulz: 

Assay  contents  per  ton  of  ore  from  Genesee- Vanderbilt  mine. 


Year. 


Ore. 


Gold. 


Silver.       Lt-ad. 


Tons. 

ihinve. 

(mnct'8. 

Percent. 

1893a 

^...         1.525 

0.2 

30.4 

1.6 

1894a 

2.153 

.4 
2 

.07 

45.9 
39.8 
18.1 

3.3 

18956 

5.939 

3.9 

1896c 

.1.(05 

.06 

a  From  300  level 

6  About  two-fifths  from  500  level  and  rest  from  upper  workings. 

c  From  500.  600,  and  700  levels.    Output  for  3  months  only. 

It  is  rather  difficult  to  account  for  the  low  percentage  of  lead  and 
the  very  small  amount  of  copper  in  these  assay  returns,  as  the  silver 
was  probably  associate  with  one  or  both  of  these  metals. 


Fkj.  1h.— Plan  of  fourth  level  of  the  Gei^see-Vanderbilt  mine,  showing  method  of  i>ro9i)ecting 
for  ore  bodies  with  the  diamond  drill. 


The  value  of  the  ore,  never  high  grade  as  a  whole,  fell  off  with 
increase  of  depth  below  the  300  level,  depreciating  rapidly  below  the 
500  level,  and  changing  near  the  700  level  to  large  bodies  of  low-grade 
pyrite. 

Near  the  surface,  in  the  old  workings,  the  ore  is  said  to  have  l)een 
oxidized  and  soft,  changing  to  galena  at  about  100  ift^XiVa.^^^^'Cvv. 
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Fu..  iy— sketch  plan  showing  chants  in  position  of  the  Genesee- Vanderbilt  ore  bodies. vrilh 
*iep:h.  A-  V.  surface  outcrop  of  ore  break:  V,  G,  .•>,  surface  outcropof  ore  bodies;  Af,  u,  position 
of  same  ore  l>.d:es  on  3»>-foot  level:  P,  .V,  position  of  same  ore  bodies  on  600- foot  level;  T,  B. 
ore  break  -n  »*i^foot  level  >  after  T.  E.  Schwarz*. 

physical  projx^rties  and  appearance  to  cosalite,  and  some  small  crystals 
of  ruhy  silver  (proustite). 

The  total  output  under  the  old  Vanderbilt  Company  of  Red  Moun- 
tain is  not  known,  although  the  Mint  reports  credit  the  mine  with 
*72,G7:2  in  1888.  The  output  of  the  Genesee- Vanderbilt  Company 
from  1891  to  189(3  amounte<l  to  about  12,622  tons  of  ore,  containing 
2,884  ounces  of  gold,  430,075  ounces  of  silver,  702,183  pounds  of  l^ad, 
and  30,520  pounds  of  copper. 

The  water  encountered  in  the  Genesee- Vanderbilt  was  of  the  same 
corrosive  character  as  that  met  with  in  the  Yankee  Girl  and  Guston. 
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Particiilai*s  concerning  the  mineralogy  of  the  ore  of  the  Genesee- 
Vanderbilt  are  now  difficult  to  obtain.  It  is  said  to  have  contained 
considerable  lead  from  top  to  bottom,  which  statement,  however,  is 
not  fully  borne  out  by  the  records  furnished  by  Mr.  Schulz.  Cosalite 
is  recorded  as  having  been  an  important  constituent  of  the  ore.  Some 
small  caves  containing  stalactites  of  pyrite  occurred  in  the  ore 
bodies,  but  it  is  not  known  at  what  depth.  Specimens  of  ore  said  to 
have  come  from  this  mine  and  preserved  in  the  mine  office  showed 
some  very  argentiferous  bornite,  a  slightly  argentiferous  sulpho- 
bismuthite  of  lead  containing  a  little  copper  and  corresponding  in 


Fkj.  19.— Sketch  plan  showiutf  changes  in  position  of  tlie  Genesee- Vanderbilt  ore  Ixxiies.  with 
depth.  -Vr,  surface  outcrop  of  oro  break;  V,  (7,  N,  surf:ice  outcrop  of  orolxjdie«;  J/,  O,  position 
of  same  ore  bodies  on  IlOOfoot  level;  /*,  .V,  i)osition  of  same  ore  bodies  on  000-foot  level;  T.  /?, 
ore  break  on  tWUVfoot  level  (after  T.  E.  Schwarz). 


phy.sit'al  properties  aiul  appearance  to  eosalite,  and  some  small  crystals 
of  ruby  silver  (proustite). 

The  total  oiitt)iit  under  the  old  N'anderbilt  Company  of  Red  Moun- 
tain is  not  known,  although  the  Mint  n^ports  credit  the  mine  with 
^72,<j7l*  in  isss.  The  output  of  th<'  Genesee- Vanderbilt  Company 
from  1S1>1  to  Is'.h;  amounted  to  about  lL\r»:J2  tons  of  ore,  containing 
L\8.S4  ounces  of  i^old,  -t.'}i;,»;75  ounctvs  of  silver,  702,18^5  pounds  of  li^ad, 
and  o(),.VJO  pounds  of  copper. 

7'iie  water  iMieouutvnvd  \u  the  (icnesee- Vanderbilt  was  of  the  siime 
eoiTosive  cluiraetev  as  v\va\)  awqV  ^v\\\\  \w  \\wXv\.\\VviVi  <^\rl  and  Guston. 
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Aled-anclra  mitie. — This  is  situated  on  the  slope  of  Red  Mountain, 
a  few  luindred  feet  above  the  Guston.  The  earlier  workings  are  in 
one  of  the  siliceous  mounds  common  in  this  region,  this  one  forming 
;i  small,  elongated  ridge,  striking  S.  85°  W.  The  upper  workings  are 
reached  through  a  tunnel.  These  seem  to  have  two  or  more  of  the 
usual  lenticular,  nearly  vertical  ore  bodies.  One  small  one,  stoped 
at  the  tunnel  level,  was  elliptical  in  plan,  the  longer  diameter  strik- 
ing N.  35"^  W.  The  ore  pinched  at  the  ends,  but  a  small  fissure, 
rilled  with  kaolinite,  can  be  seen  continuing  on  into  the  country 
lock.  The  ore  left  in  this  stope  is  a  fine-graineil  aggregate  of  pyrite, 
galena,  and  sphalerite,  with  specks  of  kaolinite.  The  country  rock 
near  the  ore  bodies  is  much  altei^ed,  contains  much  kaolinite,  and 
is  thickly  impregnated  with  fine  pyrite.  The  ore  is,  in  part  at  least, 
a  replacement  of  the  andesitic  country  rock. 

^Vbout  400  feet  below  this  woi  kings  is  a  second  tunnel,  from  which 
issues  a  strong  stream  of  highly  ferruginous  water.  This  tunnel  is 
now  only  partly  accessible.  It  runs  through  a  mass  of  bleached  and 
altered  andesitic  breccia,  now  changed  in  places  to  an  aggregate  of 
barite,  kaolinite,  and  pyrite.  As  the  mine  was  abandoned  in  1899 
or  1900,  no  information  could  be  gained  concerning  its  output  or  the 
portions  of  the  workings  not  now  open. 

Gnuid  Prize  mine. — This  property,  a  few  hundred  yards  north  of 
and  about  150  lower  than  the  upper  Alexandra  tunnel,  is  abandoned 
and  at  present  wholly  inaccessible.  Its  dump  shows  the  usual  male- 
rials  common  to  the  mines  of  the  vicinity. 

Xafiovul  Belle  mine.^ — The  croppings  of  the  bleached  and  silicified 
country  rock  associated  with  this  ore  body  form  a  prominent  knoil. 
Over  200  feet  in  height,  on  the  northwestern  outskirts  of  the  settle- 
ment of  Red  Mountain.  The  principal  mine  buildings,  adits,  and 
main  shaft  (490  feet  deep),  are  on  the  eastern  side  of  this  knob,  close 
to  the  railway.  The  mine  was  closed  and  deserted  in  1897,  and  the 
snperficial  workings  only  were  accessible.  A  plan  of  the  workings, 
from  a  mine  map  made  in  1890,  is  shown  in  PL  XVI. 

The  first  extensive  development  was  in  1883,  when  about  980  tons 
of  ore  were  produced,  valued  at  nearly  *70,000.  This  occurred  chiefly 
in  an  oxidized  form  in  caves,  as  carbonate  of  lead,  one  of  which, 
occurring  about  22  feet  below  No.  2  level  (fig.  20),  is  known  to  have 
IxHMi  40  feet  long,  20  feet  wide,  and  10  feet  high.  This  cave  ore  car- 
ried from  5  to  7  ounces  of  silver  and  from  15  to  60  per  cent  of  lead. 
l'\)r  lSi)0  the  product  is  given  as  |587,591,  of  which  !|4,500  was  in  gold, 
-S2i>,U!)l  in  silver  at  coinage  value,  and  #54,000  in  copper.  It  is  evi- 
(h'lit  that  the  output  for  this  year  was  chiefly  from  the  lower  workings, 


'  This  niiiio  is  now  often  called  the  "American  Belle  mine/'  from  the  name  of  the  company 
wliich  la*«t  oiHjrated  it,  but  the  company'a  reports  always  refer  toit  under  its  original  name, 
Nutional  Bolle.  The  attempts  sometimes  made  to  change  the  names  of  mines  with  change  of 
ownership  are  usinilly  to  be  deplored,  especially  when,  as  in  this  case,  the  old  name  is  well 
known  in  miueralogical  literature. 
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in  nnoxidizedy  TelatireVy  low-grade  enargite  and  p>Tlte.     In  1891  thel 
property  came  into  the  iKjssession  of  the  Ameiiean  Belle  Mines,  Lim-  j 
ited,  a  London  company,  which  o|H*mted  the  tiiinei^  until  181*7*     The 
report  of  the  Direotrjr  of  the  Mint  for  1*^1U  eredits  the  mine  with 
a  product  of  $140,721    in  gold  and  silver  only,  with   no   return^] 
for  copi>er.    Since  thf  sale  of  ore  for  this  year  yieldtid  the  eoinpany 
in  the  neighborhood  of  6I10,0(iu,  ilir  foreguhiK  oiiipnt   jiiTdmhly  in- 1 
clndes  both  copper  aiui  lead.     At  this  time,  however,  The  hiwi^r-^rndo 
copper  ores  could  not  he  handled,  a8  tiie  neares^t  point  at  which  they 
could  be  smelted  wa«  Denver,  6W  mileft  distant.     It  waii*  not  until 
1892  that  these  ores  could  be  lareated  in  the  Stamdiyrd  Smelter,  at 
Burango. 

Mr.  S.  F.  Emmons  visited  the  mine  in  1886,  and  the  ftdlowing  teeta 
in  this  paragraph  are  taken  from  his  unpubUdbed  notea:    Be  found 
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Fig.  20.— Sections  through  the  National  Belle  mine,  showing  ore  bodies  stoped  and  natural  ore 

caverns. 

that  the  mine  had  been  opened  very  irregularly,  chiefly  by  tunnels 
rnn  into  the  knoll,  with  overhead  stopes.  The  ore  chimney  was 
irregular,  containing  oxidized  ore  ("sand  sulphate"),  with  kaolin  in 
seams  and  vugs.  The  ore  was  confined  to  the  quartzitie  rock,  the 
porphyry  adjoining  it  being  impregnated  with  unoxidized  fine  pyrite, 
as  in  the  Yankee  Girl.  It  seemed  to  follow  two  general  fracture 
planes  running  at  i-iglit  angles  to  the  main  direction  of  fracturing, 
viz,  N.  10"^  W.  He  suggested  that  the  copper  sulphates  had  been 
leached  out  first,  leaving  the  relatively  insoluble  lead  salts  and  open 
spaces.  Mr.  Emmons  did  not  visit  the  lower  part  of  the  mine,  which 
he  was  informed  produced  a  low-grade  enargite  carrying  chalcopyrite. 
The  eaves  characteristic  of  the  upper  workings  were  said  not  to  occur 
in  the  lower  workings.    Schwarz, '  in  the  imper  already  referred  to,  gives 


1  The  ore  deposits  of  Red  Mountain,  Ouray  County.  Colo.:  Trans.  Am.  Inst.  Mln,  Bng.,  VoL 
VVITf,  ]8f<l»-W.  pp.  ri9-llo. 
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a  description  of  the  secondary  or  oxidized  ores  of  the  American  Belle 
and  neighboring  mines.  They  **  occur  alx)ve  a  former  water  line, 
either  attached  to  walls  of  caves,  as  broken  detached  masses,  or  as  a 
bed  of  clayey  mud  or  sand,  more  or  less  completely  filling  the  cave. 
The  cave  formation  is  identified  with  the  massive  outcroppings  or 
knolls  of  silicified  andesite  ordinarily  termed  *  quartz.'  These  knolls 
*  *  *  present  a  rough  mass  of  quartz,  cut  up  by  cross  fractures, 
and  showing  small  vugs  and  cavities  on  the  exposed  cliff  faces.  The 
ore-l^earing  caves,  which  ramify  throughout  the  mass,  generally  come 
to  the  surface  along  the  cliff  base.''  The  caves  are  stated  to  come 
together  in  depth.  The  ores  were  mainly  carbonates  of  lead  and  iron, 
with  iron  oxide,  lead  sulphate,  and  araenates.  Kaolinite  and  zinc 
blends  were  common.  Galena  occurred,  but  usually  as  a  residue 
core.  Such  were  the  ores  of  the  National- (American)  Belle,  Grand 
Prize,  and  Vanderbilt  mines,  according  to  Schwarz.  He  briefly  sum- 
marizes the  characteristics  of  these  secondary  ores  as  follows: 

1.  The  secondary  ores  are  richer  than  the  sulphide  ores  occurring  below  them. 

2.  The  ores  of  adjoining  or  connecting  caves  are  sometimes  greatly  different  in 
grade. 

8.  In  some  cases  the  formation  of  the  caves  along  fracture  or  cleavage  planes  is 
evident,  but  in  others  all  traces  of  such  planes  are  quite  obliterated. 

4.  The  cave  walls  are  a  porous  sandy  quartz,  the  sand  from  the  disintegration  of 
which  forms  part  of  the  cave  filling. 

5.  The  line  of  change  from  oxidized  to  unoxidized  ores,  or  the  former  water 
level,  is  very  marked.  It  varies  as  much  as  100  feet  in  elevation  in  properties 
within  1 ,000  feet  of  each  other,  rising  to  the  south  and  west.  The  quartz  outcrop 
rarely  rises  more  than  200  feet  above  it. 

6.  In  isolated  cases  may  be  found  masses  of  the  unoxidized  ore,  the enargite  (i.e., 
in  National  Belle),  above  the  line  of  change,  in  the  vicinity  of  the  secondary  ores. 

Mr.  Schwarz  ascribes  the  formation  of  the  caves  and  the  secondary 
ores  within  them  to  *' surface  waters"  which  "dissolved"  sulphide 
ores  and  country  rock  as  they  moved  along  fracture  planes. 

In  1899  no  thorough  examination  of  the  mine  was  possible,  the 
croppings  and  an  adit  tunnel  constituting  the  only  accessible  places 
for  observation.  The  knob,  or  *' blow-out,"  as  the  miners  commonly 
term  it,  is  in  many  places  plainly  an  altered  igneous  rock,  probably 
andesite  or  andesitic  breccia.  But  the  material  in  which  the  original 
porphyritic  structure  is  still  recognizable  passes  with  no  discoverable 
line  of  demarcation  into  a  rock  consisting  chiefly  of  quartz,  in  the 
condition  of  a  fine-granular  crystalline  aggregate.  On  the  northwest- 
ern side  of  the  knoll  the  country  rock  was  originally  a  monzonite- 
pori)hyiy  mass  of  the  same  kind  as  that  exposed  just  south  of  the 
Yankee  Girl,  or  forming  the  cliffs-just  east  of  Summit  Station.  This 
intrusive  rock  has  been  altered  in  a  similar  manner  to  the  andesitic 
breccia.  Tin*  comparatively  fresh  facies  in  which  the  orthoclase  and 
quartz  plienocrysts  lie  in  a  fine  greenish  groundmass  may  be  traced 
into  a  medium  stage  of  alteration  in  which  the  orthoclase  phenocrystis 
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are  still  reoognizable  from  tlieir  outlines,  ulihmigh  elmngetl  to  kiioliti 
anddlaspore^  and  finally  inta  a  wUtesUioeous  mek  in  whieli  nearly  atl^l 
or  quite  all»  traoes  of  original  stmeture  an^  io^t.     Tbf  exmH  ehumet^^r  j 
of  this  alteration  Itaa  already  been  diseusscMl  on  pag««  I2i},    Thf^  ^sllk*)-] 
fled  mat^ial  of  the  knob  is  most  irreguliM^ly  and  r  huroui^hly  ^.si^ured,  [ 
The  larger  fissures  often  expand  into  ine|rtilar  ouw^,  whir'h,  ns  nir  u^ 
oould  be  seen  with  the  limited  opportunities  for  obeermtion  in  1899, 
did  not  run  in  any  single  dominant  direotion.    A  few  of  the  smalta" 
caverns  only,  i^ear  the  surface,  coukl  be  seen.    Tliese  were  liaed  wftk 
emmbling,  rust-ecdored,  oxidized  <>re,  beneath  which  there  was  often 
unaltered  galena.    Sometimes  these  eaves  am  Uasdaad  partly  filled 
with  a  light,  porous,  pumiceous  sponge  of  quarte.    This  ia  not  the 
cellular,  honeycombed  quarts  resulting  from  the  lemoyal  of  ore  by 
oxidizing  waters,  but  is  an  original  spongy  cryslaUlBattoi  ^  miirale 
quartz  crystals,  with  some  interstitial  kaolin.    It  forms  a  U^t  Crfable 
maas  that  is  strongly  suggestive  of  pumice.    It  is  analogous  to  the 
**sugar  quartz''  occurring  in  vugs,  with  sexicite,  in  somye  of  the  girid- 
quartz  veins  of  California,  although  not  to  the  ^*  sugar  quarts'*  whidi 
results  from  a  crushing  of  the  vein. 

The  National  BeUe  mine  has  long  been  noted  fcir  tike  abuiidanoe 
and  purity  of  the  kaolin  found  in  its  workings.^  It  oecurs  aH  m  soft, 
white  filling  of  fractures  in  the  altered  country  rock,  or  in  breodafeed 
zones  as  a  matrix  inclosing  fragments  of  the  wall  rock.  It  appeared 
to  be,  in  part  at  least,  of  more  recent  origin  than  the  sulphide  ores, 
but  no  opportunity  was  available  to  study  its  occurrence  in  the  deeper 
workings  or  in  connection  with  the  unoxidized  ores.  When  dry  this 
kaolin  forms  a  pure  white  powder  which  the  microscope  shows  to  con- 
sist of  crystal  scales,  usually  hexagonal  in  outline  and  about  0.1  mm. 
in  average  diameter.  The  optical  properties  of  these  ciystAls  have 
been  described  by  Reusch.^  Two  chemical  analyses  of  this  material 
are  here  reproduced,  (I)  by  Hillebrand^  and  (II)  by  Hiortdahl:  * 

Analyses  of  kaolinitefroin  National  Belle  mine. 


Constituent. 

I. 

II. 

Rio,                                                                          
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AI0O3                                                         
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HoO                                                            .   ..             

13.58 

F                                                       

Less  ( >  for  F 

100.13 
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100.07 

>  R.  C.  HilLs:  Am.  Jour.  8ci  ,  3d  series.  Vol.  XXVII,  1884,  p.  47^1 
^  Neues  Jahrb.  ftir  Min.,  etc.,  1887,  Vol.  II,  pp.  70-72. 
3  Bull.  U.  S.  Geol.  Survey  No.  20,  1885,  p.  98. 
*  Neues  .labrb.  t\\T  >A.\xi.  A^'i>N'oV.  U.  v>.  70. 
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^Vs  shown  by  E.  B.  Hiirlbut,^  however,  not  all  of  the  white  crys- 
talline powder  found  in  the  National  BeHe  is  kaolin,  but  alunite  also 
occurs  in  nearly  identical  form,  clearly  associated  with  enargite. 
Hurlbut's  analysis  is  lieiie  quoted: 


Analysis  of  alunite  f  rain  National  Belle  mine. 

Constituent. 

Percent. 

Constituent. 

Per  cent. 
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No  study  could  be  made  in  1899  of  the  occurrence  of  the  unoxidized 
ore,  chiefly  enargite,  of  the  deeper  w^orkings  of  the  mine.  Some  of 
the  enargite  occurred  lining  caves  below  the  zone  of  oxidation,  form- 
ing beautiful  radiating  clusters  of  orthorhombic  prisms  several  centi- 
meters in  length.  These  prisms  are  usually  covered  with  a  thin 
moss-like  film  of  malachite  and  often  partly  incrusted  with  minute 
crystals  of  quartz. 

From  reports  made  to  the  company  by  the  superintendent,  Mr. 
James  K.  Harvey,  for  the  yeai*s  1891-1896,  the  ore  appears  to  have 
occurred  in  large  masses  irregularly  distributed  in  the  altered  country 
rock  and  irregular  in  shape.  The  greatest  recorded  length  of  one  of 
these  bodies  is  about  75  feet,  and  they  commonly  varied  in  width  from 
1  to  -t  feet,  although  occasionally  as  much  as  60  feet  wide.  The  great- 
est dimension  was  commonly  nearly  vertical,  and  in  some  cases  the 
chimney-like  form  was  pronounced  (see  fig.  20).  The  unoxidized  ore 
was  in  part  enargite,  carrying  at  its  best  as  much  as  30  ounces  of  sil- 
ver and  40  per  cent  of  copper.  It  was  associated  with  both  copper  and 
iron  pyrites,  some  tetrahedrit^,  and  galena  in  diminishing  amount 
down  nearly  to  the  No.  4  level.  The  latter,  at  the  second  level, 
occurred  as  streaks  in  the  copper  and  iron  pyrites,  and  carried  up  to 
44  ounces  of  silver  and  60  per  cent  of  lead  in  10-ton  carload  lots.  In 
a  winze  50  feet  below  the  third  level  galena  occurred  in  small  nodules 
only.  In  the  National  Belle  ore  the  gold  rarely  amounted  to  more 
than  a  tenth  of  an  ounce  per  ton,  and  was  usually  much  less. 

I^ractically  no  paying  ore  was  found  below  the  third  level,  explora- 
tions on  the  fourth  level  resulting  only  in  finding  small  bunches  of 
ore  and  masses  of  crumbling  iron  pyrite  carrying  less  than  one-tenth 
ounce  of  gold  and  about  5  ounces  of  silver  per  ton,  with  from  1  to  3 
per  cent  of  copper.  The  large  north  ore  body,  which  on  level  3  was 
a  nearly  solid  mass  of  ore  31  feet  long  and  24  feet  wide,  carrying  as  a 
whole  4  to  7  ounces  of  silver,  4  to  6  per  cent  of  copper,  and  .04  ounce 
of  gold,  and  which  had  beenstoped  up  over  100  feet  above  level  2,  was 
not  encountered  in  the  bottom  level.     On  level  2  this  ore  body  was  75 


»  Am.  Jour.  Set.,  3d  series.  Vol.  X1»TL11A«^>\>\>-^'»^A^V 
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feet  long  by  60  feet  wide,  and  carried  from  7  to  -2-^  oimees  of  sU vi?r  per 
tmi  and  from  7  to  20  per  oent^of  copper.  It  is  ^aid  to  havis  been  ehlefly 
iron,  pyrite,  and  ehalcopyrite,  with  some  K^kl^^nn  nw]  uuaigite.  This 
ore  was  firmer  and  of  higher  grade  than  thai  at  the  level  below. 
From  the  annual  reports  of  the  company  it  appears  that  masses  of 
iron  pyrite  were  not  limited  to  the  deeper  workings,  but  oceon^d 
above  the  second  level,  sometimes  immediately  V»eneath  the  e»r1»uate 
ore.  Much  of  the  hig|ier-grade  orCi  such  hh  enargite,  galena,  and 
tetrahedrite,  occarred  as  bunches  of  various  slz^s  in  tho  pyrfto. 

Owing  to  the  decline  of  silver  to  almost  half  its  fixmier  value,  tbe 
general  low  grade  of  the  National  Belle  ore^  and  the  lack  of  ftMsUities 
for  its  economic  treatment,  it  was  found  imixMBsiUe  to  operate  at  a 
profit,  and  the  mine  was  closed  in  1897.  The  ground  below  the  fourth 
level  is  as  yet  unexplored,  but  the  diminished  value  and  amount  of 
ore  at  that  level  deterred  the  company  firom  further  atllking. 
.  The  water  in  the  National  Belle  mine  was  apparently  not  abundant 
or  troublesome,  as  no  mention  is  made  of  it  in  the  superintei^ent's 
reports.  From  the  location  of  the  mine  and  its  moderate  dep&  (490 
feet)  no  great  amount  would  be  expected. 

White  Claud  mine. — ^This  mine,  now  abandoned,  lies  lees  fium  a 
quarter  of  a  mUe  north  of  the  Guston.  It  appeals  never  to  have 
atruck  a  paying  ore  body.  The  shaft  is  sunk  on  tb»  mMPOiem  end  of 
«n  elliptical  knob  of  bleached  and  silicified  San  Smai  breoeia.  The 
length  of  this  knoll  is  about  50  feet  and  its  trend  about  N.  10**  E.  It 
terminates  rather  abruptly,  with  no  sign  on  the  surface  of  any  vein 
in  the  line  of  its  major  axis.  The  silicified  material  of  the  knob  is 
impregnated  with  small  crystals  of  iron  pyrite. 

Paymaster  mhie. — This  also  is  an  abandoned  property  lying  a  quar- 
ter of  a  mile  northeast  of  the  White  Cloud.  About  16  carloads  of  ore 
are  said  to  have  been  shipped  from  one  ore  body,  l?ut  the  mine  was 
never  a  large  producer.  It  is  credited  with  an  output  of  $14,434  in 
1890.  In  1899  the  shaft  was  filled  with  water  to  within  about  200  feet 
from  the  surface,  and  the  first  level  only  was  accessible.  The  coun- 
try I'ock  at  this  depth  is  all  much  altered  and  irregularly  fissured  and 
the  fissures  are  frequently  filled  with  seams  of  kaolin  or  talc,  which 
is  evidently  a  i)roduct  of  the  alteration  of  the  adjacent  rock.  Drifts 
and  crosscuts  run  in  all  directions  from  the  shaft,  but  apparently  no 
ore  was  found  on  this  level.  The  ore  seen  on  the  dump  and  iu  the 
ore  bins  was  essentially  a  galena  ore,  associated  with  much  pyrite. 

Silver  Bell  mine. — Lying  about  a  quarter  of  a  mile  north  of  the 
Paymaster,  this,  at  one  time  one  of  the  better-known  and  productive 
mines  of  the  district,  is  also  dismantled  and  inaccessible.  The  shaft, 
about  700  feet  in  depth,  is  now  filled  with  wat^r  to  within  100  or  200 
feet  from  the  surface.  Sections  through  the  mine  are  shown  in  fig.  21. 
According  to  Schwarz  ^  this  mine  had,  in  1888,  produced  large  amounts 
of  ore  carrying  from  500  lo  \,000  o\\\iQe§>  of  silver  per  ton.     This  rich 

^  Proc.  Co\o.  ^\.  ^oe...No\.\\\A^^,v'^. 
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ore  is  said  to  have  been  bismiithiferoiis.  The  product  for  the  three 
years  that  have  been  recorded  in  the  Mint  reports  is  as  follows,  the 
silver  being  quoted  at  coinage  value  and  lead  or  copper  not  given: 

Product  of  Silver  Bell  mine. 


Year. 


Gold.     I  Silver.  ,    Total. 


lf<H7. 
1SS8. 


$2,400       $77,600        $80,000 

72,404  I        72,404 

1.512        24.211  I        25.?i3 


A  .specimen  of  the  rich  ore,  obtained  from  a  miner  who  had  worked 
in  the  mine,  proved  on  chemical  examination  to  be  an  argentiferous 
lead  sulphobismuthite.    Kobellite,  a  sulphobismuthite  of  lead,  in  which 


KM  I 


Fig.  21.— Sections  tbroagli  the  Silver  Boll  mine,  showing  ore  bodies  stoped. 

part  of  the  bismuth  is  replaced  by  antimony,  has  been  described  by 
II.  F.  Keller^  from  this  mine,  associated  with  chalcopyrite  and  barite. 
He  giv(»s  four  analyses,  of  which  the  mean  is  hei'e  quoted: 

Mean  analysis  of  kobellite  from  Silver  Bell  mine. 


s... 

Bi.. 

Sb. 

Pb 

Ag. 

Cu. 


Cunstitut'nt. 


Per  cent. 


18.30 
28.40 
7.55 
36.16 
3.31 
2.59 


ConRtituent. 

Per  cent. 

Fe      

1.50 

Zn 

.39 

OanflTue 

.45 

98.74 


» Zoitschrift  ftlr  Kryt.,  Vol.  XVlV\8Wi,  VV- W-*"^- 
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In  1890  the  SilTor  Bell,  with  otber  miBes,  CAmt^  into  the  po^^He^sion 
of  the  Ameriean  Belle  JkOnes,  Limited,  at  London,  $ind  in  W^n  the 
mine  was  worked  through  a-vertioal  shaft  706  feet  in  depth,  witJi  ten 
levels.  At  this  depth  about  6d  gallons  per  ininute  of  st rting:Lv  eov-m 
rosiye  water  had  to  be  removed  by  the  pumiM».  Acoording  to  Snper- 
intendentHarvey,  this  water  was  '^strongly  impregnated  withsnlphtirfo 
acid  generated  from  the  pyrites  in  the  ore  bodies.'' 

The  rich  ore  found  in  the  upper  levels  changed  in  depth  to  large 
bodies  of  low-grade  ore  consisting  chiefly  of  pyrite  and  oarryiitg  leem 
than  20  ounces  of  silver.  Most  of  the  high-grade  ore  seems  to  have 
been  extracted  when  the  mine  came  into  the  possession  of  its  new 
owners,  and  after  some  attempt  to  work  the  low-grade  ores  in  the  face 
of  the  falling  price  of  silver  the  mine  was  abandoned  in  18M.  Details 
of  the  character  of  the  ore  and  its  changes  are  lackii^,  but  the  ore 
bodies  seem  to  have  been  generally  similar,  in  shape  and  in  their 
relation  to  the  country  rock,  to  those  of  the  Yankee  GirL 

Congress  mine. — ^This  ore  body,  situated  about  a  mile  sooth  of  Bed 
Mountain,  was  located  in  the  autumn  of  1881,  and  sold  the  fdDlowing 
year  for  $21,000.  In  1883,  according  to  the  Mint  reporta,  tiie  mine 
produced  about  2,500  tons  of  ore,  valued  at  $220,000.  It  was  worked 
tiirough  an  adit  tunnel  and  a  shaft  350  feet  in  depth  sunk  from  the 
tunnel.  In  1899,  after  some  years  of  inactivity»  tiiie  mine  was  beii^i 
reopened.  The  shaft  was  carried  to  the  surface  and  new  buildings 
and  hoisting  plant  were  in  course  of  erection. 

The  old  workings  were  not  accessible  in  1899,  but  the  ore  bodies 
appeared  to  constitute  a  chimney-like  stock  deposit  of  the  kind  char- 
acteristic of  the  Red  Mountain  mines.  The  oi'e  occurs  in  iri-egular 
bunches,  although  there  is  said  to  be  some  indication  of  a  vein  running 
nearly  north  and  south.  The  richest  ore  was  found  in  a  soft,  decom- 
posed streak  near  the  surface  and  carried  from  $12  to  $20  in  gold. 
The  oi-e  is  chiefly  enargite,  but  thei-e  are  also  bunches  of  galena, 
which  are  said  to  occur  on  the  peripheries  of  the  ore  bodies.  The 
enargite  as  seen  near  the  surface  had  been  partly  brecciat^d  and 
recemented  by  a  very  compact,  soft  aggregate  apparently  largely 
composed  of  kaolin.     In  1900  the  mine  was  again  idle. 

St.  Paul  miiie, — This  property,  l^ing  a  short  distance  south  of  the 
Congress,  shows  certain  points  of  resemblance  to  the  latter.  Some 
ore  was  formerly  extracted  from  a  shaft  75  feet  deep.  The  present 
workings  comprise  a  vertical  shaft  200  feet  deep,  with  some  drifts 
at  the  2()0-foot  level.  The  ore  is  low  grade  and  consists  chiefly  of 
enargite  with  some  galena,  forming  a  fine-grained  aggregate.  It 
occurs  ill  irregular  bunches  in  much  altered  andesitic  breccia  of  the 
Silverton  series,  which,  near  the  ore,  is  heavily  impregnated  with  fine 
iron  pyrite,  associated  with  small  knots  and  veinlets  of  kaolin.  No 
definite  line  can  be  drawn  between  ore  and  country  rock,  the  former 
being  largely  a  replacement  of  the  latter.     The  ore  bodies  are  found 
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by  following  small  seams  of  gouge  or  kaolin  in  the  country  rock. 
There  is  no  regular  direction  to  these  seams,  and  they  are  themselves 
curved  and  irregular.  The  mine  has  not  produced  much,  but  was 
shipping  ore  in  1000. 

Carbonate  Xing  mine, — This  property,  in  Corkscrew  or  Huml>oldt 
Gulch,  is  opened  b}^  a  shaft  305  feet  deep.  After  lying  idle  for  some 
years,  work  was  resumed  in  1000.  In  some  ways  this  deposit  is  a  con- 
necting link  between  the  stock  or  chimney  deposits  of  Red  Mountain 
and  the  lodes  of  the  resc  of  tlie  ([uadrangle.  It  resembles  in  this  regard 
the  Henrietta  mine,  which  is  described  on  another  page.  The  ore  of 
the  Carbonate  King  occurs  in  a  distinct  fissure,  striking  about  N.  5° 
W.  and  dipping  west  about  50°.  The  lode  is  a  zone,  4  to  5  feet  wide, 
of  crushed  country  r  ck,  apparently  altered  andesite,  in  which  the  ore 
occurs  in  bunches.  There  is  usually  a  soft  gouge  on  the  foot  wall  of 
this  crushed  zone.  The  ore  is  sometimes  frozen  to  the  hanging  wall, 
sometimes  separated  by  gouge.  Between  the  walls  is  much  kaolin, 
occurring  in  the  interstices  between  fragments  of  altered  unmineralized 
rock.     It  also  occurs  as  seams  in  the  wall  rock. 

There  is  a  second  fissure  of  similar  character  which  branches  off  from 
the  main  lode.  It  strikes  N.  20°  W.  and  dips  southwest  at  60°  to  05°. 
It  consists  of  a  zone  of  crushed  rock  4  to  5  feet  wide,  containing  abun- 
dant kaolin,  and  separated  by  gouge  from  uneven  walls.  This  branch 
fissure  contains  bunches  of  galena  ore. 

The  ore  of  the  main  lode  is  an  intimate  mixture  of  pyrite,  one  of 
more  sulphobismuthites,  and  probably  tetrahed rite,  withbarite  as  the 
common  gangue.  No  vein  (juartz  was  seen.  The  ore  streak  may  vary 
from  a  few  inches  to  3  feet  in  width.     It  is  often  absent  altogether. 

The  bismuthiferous  varieties  carry  as  much  as  500  ounces  of  silver, 
with  lead  and  copper.  Ore  worth  less  than  $20  per  ton  can  not  l)e 
shipped. 

Midnight  mine. — This  mine,  situated  in  Corkscrew^ Gulcli,  a  short 
distance  below  the  Carbonate  King,  has  not  been  worked  for  some 
years.  It  contained  some  good  ore,  but  its  extraction  was  rendered 
expensive  by  the  abundant  water  met  with.  It  is  wholly  inaccessible 
at  present. 

Other  miners. — Many  other  mines,  such  as  the  Senate,  Hudson, 
Chartei-  Oak,  and  Humboldt,  were  all  formerly  active  in  this  region, 
and  have  in  some  cases  produced  considerable  ore.  In  those  named 
tlu^  oi'c,  when  it  occurred,  appears  to  have  had  the  form  and  charac- 
teristics already  described  as  common  to  the  typical  Red  Mountain 
deposits.  All  these  mines  had  been  abandoned  in  1809  and  conse- 
quently were  not  accessible  for  study,  and  very  little  information 
regarding  them  could  be  obtained.  The  Hudson,  owned  by  the 
American  Kelle  Company,  was  worked  through  a  vertical  shaft  253 
feet  in  depth.  The  ore  does  not  appear  to  have  occurred  in  large 
bodies.     On  the  fii*st  level  ore  consisting  of  pyrite  and  chalcopyrite 
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(aii<l  probably  euariifite)  ertrried  fvuin  :}l)  to  2i*  ounces  of  silver  |H*r  loi 
and  ^\  to  40  per  cent  of  copper.  The  iiiine  was  elosetl  in  18i*l,  li 
18ii5»  20  ton?<i  of  eiuir^'ite  ore,  earryiii^  ubuiil.  20  jier  cent  of  copjier, 
were  eolleeliHl  from  tlie  dump  ami  reali/ed  ^IS.77  per  ton*  In  it^ 
j^enerHl  ehanietvr  the  or<.*  of  ihiK  mine  !?«€*em^  to  have  been  very  mmi- 
lar  to  the  low^^rado  oro  nf  the  XHtioniil  Belle,  earryiuji  enargite  and 
Cf>p|K'T  and  iron  pyrite. 

Other  minefi^and  pn>speet6,  showing  men*  or  le?js  on.' oeeurriiti:  m 
typienl  Red  Mountain  form,  m.H-ur  at  the  heads  of  Prospect  and  Dry — 
gnh'lie^  on  the  eastern  slope  of  lied  Mountain.     The  Mineral  Kin^,  iafl 
Pro:^pe(*t  Guleh,  lias  a  shaft  150  feet  deep»  sunk  to  develop  h  *' chim- 
ney'*   of  ore  which  outcrop[ied  in  the  bed  of   the  creek.      Tliiii  ore 
shoot  was^  eylindrieal  in  form  and  nearly  vertical,  with  a  diameter  ol 
aliout  Ct  feel.     The  ore  wa^  a  highly  ar^f^ntifcrous  copt>cr  ore,  which 
if*  said  to  have  eontained  as  much  a**  1J.U.H)  e^nnL-es  of  silver  per  Ion. 
It  waa  8Urrcnitidod  by  the  usual  envelo}>8  of  silicitied  andesitie  hreccin, 
widch  graded  outward  into  less  altered  fojrms  of  the  Hnnie  ifw-k,     Thi& 
ore  IjiKly  pitched  slightly  to  the  south,  and  was  followed  down  for  110 
feet,  when  it  pinched  out.     Forty  feet  deeper,  drifts  have  been  run  iuM 
all  directions  in  an  endeavor  to  find  a  continuation  of  tlie  pay  shm>t^ 
but  without  avail.     Tlie  rock  at  this  level  is  traverjsed  by  nunienms 
fissures,  usually  carrying  some  kaolin  and  accompanied  by  kaolini^^a- 

n  of  the  wall  ra<'k.  The}-  soint'tiTiies  widen  into  '*x>ockcts^'  liHtjd  ■ 
with  soft,  unctuous  yellow  clay.  One  prominent  fissure  has  a  course 
of  N.  80°  W.,  another  of  S.  5°  W.,  and  still  others  run  in  varioas 
directions.  It  is  probable  that  the  original  oi-e  channel  was  formed 
by  the  intersection  of  two  or  more  of  these  fissures.  All  of  the  ande- 
sitic  breccia  exposed  in  the  artificial  openings  of  this  vicinity  show 
some  mineralization,  with  frequent  small  bunches  of  galena  and  other 
ore,  but  it  was  apparently  only  under  exceptionally  favorable  con- 
ditions of  fissiu'ing  that  this  diffuse  mineralization  was  concentrated 
into  ore  bodies  of  workable  size. 

Near  the  head  of  Prospect  Gulch  the  Galena  Queen,  with  a  shaft 
about  300  feet  deep,  shows  a  dump  of  similar  character  to  that  of  the 
St.  Paul.     It  is  no  longer  worked. 

Active  prospecting  was  in  progress  in  1900  in  the  neighborhood  of 
the  (xalena  Queen,  many  of  the  shallow  openings  showing  some  ore. 

The  Henrietta  mine,  in  the  lower  part  of  the  same  gulch,  is  described 
with  the  Cement  Creek  mines,  on  page  257. 

The  Webster,  at  the  head  of  Dry  Gulch,  is  worked  through  an 
inclined  shaft  320  feet  deep.  The  shaft  is  sunk  on  a  fissure  carrying 
a  little  gouge,  in  Silverton  breccia.  Thisfractui*e  strikes  about  S.  10"^ 
\V.  Tlie  dip  at  first  is  about  75"'  to  the  south,  but  at  200  feet  it  flat- 
tens to  about  45"^.  A  little  argentiferous  copper  ore  has  been  found 
in  bundles. 

Sdi'dtoija  mine. — 0\\  lUe  eastern  side  of  Ironton  Park  are  several 
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ore  deposits  which  are  of  diffei'ent  types  from  those  just  described. 
The  conspicuous  alteration  which  has  given  the  rocks  of  Red  Moun- 
tain their  brilliant  tints  is  limited  on  the  northeast  by  Grey  Copper 
Gulch,  and  it  is  to  this  area  of  altered  rock  that  the  peculiar  chimney- 
like  deposits  of  the  Yankee  Girl  type  are  confined. 

The  Sarato<?a  was  located  in  1H83,  and  has  produced  in  all  about 
8125,000.  A  far  «i^reater  sum  than  this  has  been  expended  in  develop- 
ment and  in  the  erection  of  an  expensive  lixiviation  plant.  Consider- 
able work  was  done  in  1880,  and  in  1889  and  181K)  about  100  men  were 
employed.  Since  1890  work  has  been  confined  to  extractini;^  pockets 
of  ore  Nvith  two  or  three  men. 

The  lowest  formation  exposed  at  the  Saratoga  mine  is  a  massive 
quartzit^,  white  or  light  buff  in  color,  which  outcrops  near  the  mill, 
with  no  recognizable  l^edding.  Without  much  doubt  this  quartzite 
I'epresents  a  portion  of  the  Algonkian  series,  here  rising  a  little  above 
the  l(M^el  of  Ironton  Park.  Lying  unconformably  upon  this  quartzite 
is  a  locally  nearly  horizontal  formation  of  limestone,  sometimes  thinly 
bedded,  whi(?h  is  [)robably  of  Devonian  age  and  to  be  correlat^nl  with 
the  limestont*  occurring  south  of  Silverton.  The  thickness  of  this 
limestone  is  not  known,  but  is  apparently  somewhat  vanabU\  and  in 
])laces  it  certainly  reaches  a  thickness  of  75  feet . '  Some  thinly  iH'dded 
portions  at  its  top  ap[)ear  to  have  been  silicified,  forming  a  material 
resembling  quartzite  at  first  glance,  but  (composed  of  vein  qiuirtz  con- 
taining numerous  little  vugs.  Above  the  limestone*  then*  occurs  a 
thin  stratum  of  telluride  conglonn^rate,  originally  composed  largely  of 
limestone  p(»bbles,  but  now  silicified  and  with  its  conglomeratic  char- 
acter obscured.  This  appeal's  to  represent  the  rapidly  thinning  eiist- 
ei-n  margin  of  this  conglomerate,  for  it  is  not  recognizabh*  a  short 
distance  within  the  hill,  in  the  mine  workings,  where  the  vohanic 
breccias  of  tiie  Silv(^rton  series,  containing  some  massive  andesit^',  He 
upon  tiie  limestone. 

The  oi'c  body  of  the  Saratoga  occurs  in  the  limestone,  ami  pn)bal)ly 
in  part  in  the  telluride  conglomerate,  and  is  very  irregular.  Near 
the  surface*  of  the  hill  it  is  a  mass  of  .soft,  rust-colored,  oxidize<l  mate- 
rial, easily  worked  with  pick  and  shov^el,  and  traversed  by  numerous 
irregular  s(»ams  of  soft  (^lay  gouge.  The  pay  ore  occurs  along  these 
seams  or  goug<*s  and  is  chiefly  a  carboimte  of  lead  carrying  silver, 
probably  as  chloride.  Residual  kernels  and  masses  of  white  crystal- 
11  IK*  limestone  are  of  freeiuent  occurrent^e,  surrounded  by  th(»  rusty 
decomposed  material  of  the  ore  body.  The  best  oiv  is  found  resting 
on  the  oxidized  up[)(^r  surface  of  a  mass  of  iron  pyrite.  This  pyrite 
varies  greatly  in  thickness,  and  in  what  is  known  as  the  lower 
tunnel  it  is  nearly  100  feet  thick — a  mass  of  nearly  pure,  crumbling 
pyrite,  resting  on  the*  (luartzite,  or  occasionally  on  limestone,  when 
the  latter  has  not  been  wholly  replace<l.     This  pyrite  carries,  according 

'  According  to  Kedzie,  hx:.  fit.,  it»  mean  thicknesH  is  14(1  t^^t. 
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t0  Mr.  W.  H.  Fry,  {mvt  owiier  and  former  superint/endent  of  thf 
.mijii%  fwm  '4  iij  4  iiimom  of  silver  aiul  0.4  to  0.5  of  an  ounce 
gOl<U  twMiiK  tl'iii^  ^"*J  potir  to  \rork*  Severnl  tuniif^lH  have  l>e*?fn 
into  tlw  ]iU\^  but  ciwiiig-  to  tlu*  easti^rly  dip  of  the  oi"e  they  all 
through  the  ore  body  and,  if  continued  far  enough,  come  into  Ihel 
lrolcani<^  vfK'kH  of  the  Silverton  series.  This  oxidized  ore  is  not  eapped 
ki^  the  ovt>rlyiii|i^  andc*Rite,  but  parses  upwai'd  into  the  loose  materiiil 
and  soil  of  the  present  surfaee  of  the  hilleide.  When,  how€*ver,  the 
ore  is  foUowiMl  far  enough  to  the  eastward  it  passes  beneatli  andesitic 
Iweeeia  and  changes  to  a  ^^ulphide  ori%  consist in|r  of  pyrite  and  a  little 
<^leopyrite,  with  oerwsional  bunelies  of  partly  (jxidize<i  jmy  ore^  ejir- 
tjring  galena  and  argentit^.  This  ore  is  the  result  of  a  replacement  o£ - 
tlie  liuiestone  to  %^Hr}1ng  depth  along  the  eontaet  between  it  and  tli#J 


Fiu.  22.— East-and-west  »ectiou  through  the  Saratoga  mine.    (After  G.  B.  Kedzie.) 


overlying  andesitic  breccia.  It  varies  in  thickness  from  a  few  inches 
up  to  3  feet.  Tlie  overlying  volcanic  breccia  is  usually  much  altered, 
thickly  impregnated  with  pyrite,  and  traversed  by.veinlets  of  the 
same  mineral.  The  ore  is  not  distributed  at  random  through  the  con- 
tact plane  between  limestone  and  bi^eccia,  but  the  bunches  of  ore  thus 
far  found  lie  along  a  line  bearing  about  N.  30°  E.,  as  if  the  minerali- 
zation had  been  controlled  by  some  fissure  or  fissures  having  this 
direction.  As  this  is  the  dominant  direction  of  Assuring  in  the  vicin- 
ity, this  seems  not  unlikely.  The  actual  fissure  which  determined 
the  mineralization  is,  howev^er,  not  readily  identified.  It  may  lie  to 
the  westward,  in  which  case  its  intersection  with  the  ore  horizon  has 
been  removed  by  erosion.  It  nmy  be  the  large  lode,  presently  to  he 
(lescribed,  which  lies  to  the  eastwanl,  or  it  may  be  some  less  con- 
spicuous fissuiv.     A  srnaW  ^'i^^vive  having  this  strike  of  N.  30**  E.  was 
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noted,  which  faulted  the  ore  body,  throwing  down  the  southeast  por- 
tion a  few  inches.  This,  however,  apx)eared  to  be  a  post-mineral 
fault  and  is  probably  a  late  manifestation  of  the  same  faces  which 
produced  the  earlier  dominant  fissuring  of  identical  trend. 

The  upper  tunnel  of  the  Saratoga  has  been  run  1,000  feet  into  the 
hill.  It  passes  through  the  ore  and  limestone  into  a  fine-grained, 
massive  andesite,  and  about  600  feet  from  its  mouth  cuts  a  strong  lode 
carrying  pyrite,  in  a  gangue  of  vuggy,  white  quartz.  This  vein  is  from 
2  to  3  feet  wide,  striking  N.  30°  E. ,  and  dipping  southeast  at  about 
85°.  It  is  too  low  grade  to  work.  Beyond  the  lode  the  tunnel  passes 
through  about  50  fe^t  of  iron  pyrite,  limestone,  and  quartz — all  much 
shattered.  This  appears  to  be  a  mineralized  fault  breccia,  disturbed 
by  later  movement.    On  the  southeast  of  this  shattered  zone  is  andesitic 


Fui  ^).  -DiagrHmmatic  east  and- west  section,  illustrating  in  a  general  way  the  occurrence  of 

ore  in  the  Saratoga  mine. 

breccia,  but  owing  to  the  gas  in  the  end  of  the  tunnel  it  was  found 
impossible  in  1899  or  1900  to  make  any  further  observations. 

It  is  U)  be  noted  that  G.  E.  Kedzie  ^  has  interpreted  the  form  of  the 
Saratoga  ore  body  in  a  different  manner  from  that  set  forth  in  the 
foregoiiiu:  pages.  His  section  is  herewith  reproduced  (fig.  22).  This 
same  section  is  also  given  in  Phillips  and  Louis's  Treatise  on  Ore 
Deposits,  although  these  authors  remark  that  there  seems  to  have 
been  hardly  enough  work  done  to  pronounce  very  positively  as  to  the 
character  of  the  ore  body.  ^  At  t  he  time  of  Kedzie's  visit  the  mine  was 
more  accessible  throughout,  but  not  enough  ground  had  been  exploited 
upon  which  to  base  all  the  details  of  his  section.     Thus  his  **  upper 


>The  bedded  ore  deposits  of  Red  Mountain  mining  district,  Ouray  Ck>unty,  Colo.;  Trans.  Am. 
Inst.  Mill.  Ehk  ,  Vol.  XVI,  1887-88,  pp.  570-581. 

«A  Treatise  on  Ore  Deposits,  J.  Arthur  Phillips,  second  ed,  rewritten  and  enlarged  by 
Henry  Louis.  London,  1896,  p.  163. 
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fjuartxit^'"  appears  to  Iw^  the  siiith.^  >t?i  th(3  fiia!^i\(^  qiiBFUtifp  hem 
Incliuled  in  the  Alijonkiaii,  llis  '•  pifik  qimrtssitG"  in  evidently  th 
ti(iUi4tiod  tolluridc*  c*oiig^lomerBt,e,  while  hi^  ^'Inwer  qiiartseitt*"  ih>ii 
not  1m'  i(h*TitiRHl  iii  the  SHmtos^ft  warkingH,  H»*  stni*^tUnt  it  iss  |iefio*' 
t-riil4*d  In  tht*  Jackson  tunnel,  about  8(X)  feet  i^oiitliwei^t  of  the  Siini- 
toga,  bill  Mills  tniini*!  m  jm>  lun^**r  ji<'ee8!*ihl(*,  A  tinior  n'prem^ritHiion 
of  t  hi'  (in*  body  and  its  n*ln.tit»ns  In  1  [>**  irj^dnHini:  nn'ks  Ls  h*dieveil  u*  lie 
afTf>rdr.*d  by  th^'  roiigti  dia-gmni,  tij^,  2lh 

In  IS^no  a  drift  wns  Iwin^  run  akinir  tht^  or»»-lwarinjt;r  linri/.oii  liiWHrd 
the  nortlioHMt  with  the*  object  of  nsct^rtairiin^  whetht*r  miy  itn*  hns 
baeii  (h*poi4ited  at  the  int<emt^<^tion  of  thiH  hoHswin  by  the  Uirif^*  vein 
Ptit  in  the  tunnel  above.  Thiw  seems  an  advihal*le  piiM:?e  nf  prfis^Mfct^fl 
Ifiiy.  Hilhertf*  the  ilevelnpment  1ms  been  rather  unKyst«uiatii%  ami  itif 
was  noi  tlifteoveivd  untU  H*oo  that  the  UirjbTe  oxidizn!  un*  luMlit^H  wem 
OontlnuoUM,  with  f*ul|ihiile  ores  pitwwing  tK*nt^ath  the  ande?4itie  tn^e^H'his 
til  the  oa^twanl. 

fUtUif  fjrtmji, — Thi^s  group,  coir»inxsing  tlu^  M?iud  S.,  Motiu,  ami 
other  eUums.  is  a  prospect  in  Ibvvuklyn  (iulcli,  sinuh  of  the  Saniiogiu, 
The  principal  work  at  present  ih  in  connection  with  the  Mono  UKtev 
which  strikes  N.  \IV'  K,  and  dips  northea*1  at  about  75'^,  ami  is  ci?ached 
by  a  tunnel  throngli  tlie  liuieHtunt*  alptuit  4tfO  feet  in  lenirth.  This 
lode  o««?npieH  a  fault  fis^mre  of  at  least  HKl  feet  thniv^,  whioh  cliti|H% 
thi'  (ivrrlyhiLT  midesitii'  bri»cci/t  mi  tlic  southe^j^t  uiitii  il  lies  m^jviii^f 
the  limestone.  The  ore,  consisting  of  nearly  solid  pyrite  and  chal- 
copyrite,  occurs  as  a  vein  in  the  fault  fissure  and  as  a  relatively  flat 
replacement  deposit  between  the  limestone  and  overlying  andesite  on 
the  northwest  side  of  the  fault.  Where  both  walls  of  the  fissure 
are  andesitic  the  vein  is  narrow;  but  where  one  wall  is  limestone  it 
widens,  evidently  by  n^placement  of  the  calcareous  wall.  There  has 
been  some  post-mineral  movement  along  the  fault  fissure,  as  shown 
by  the  presence  of  gouge  and  slickensides. 

The  ore  is  low  grade,  carrying  at  its  best  about  30  ounces  of  silver 
and  11*  per  (;ent  of  copper.  Ore  of  this  general  character  is  very 
abundant  both  here  and  in  the  Saratoga  mine,  but  can  not  at  present 
be  cconomicalh'  worked. 

It  is  evident  that  the  ore  bodies  hav<»  been  only  partly  prospected. 
No  attempt  has  been  made  to  find  the  ore  which  very  likely  exists  at 
the  top  of  the  limestone  on  the  downthrown  side  of  the  fault.  This 
would  seem  to  be  an  excellent  opportunity  to  employ  a  diamond  drill, 
provided  the  known  ore  bodies  indicate  that  the  ore  on  the  other  side 
of  the  fissure^  is  worth  searching  for. 

The  Maud  S.  is  also  on  a  fault  fissur<\  which  crosses  the  gulch  near 
the  mouth  of  the  Mono  tunnel.  Its  general  strike  is  N.  ;30°— 10°  E., 
and  its  di[)  southeast  at  about  8o'.  This  also  is  a  normal  fault,  let- 
ting down  the  aridesitc  against  the  limestone  on  the  southeast  for  at 
Jeast  'lb  feet.     8ome  av^^eiitiferous  copper  ore  was  formerly  taken 
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from  this  claim,  the  ore  occurring  in  replacement  bunches  in  the 
limestone  alongside  the  fault.  The  ore  is  associated  with  a  soft, 
black  alteration  product  or  residue  of  the  limestone.  Between  the 
Maud  S.  and  the  Mono  fissures  is  a  third  fault  exposed  on  the.  Mono 
tunnel,  of  variable  northeasterly  strike,  dipping  southeast  at  about 
70°.  Here  also  the  andesitic  tuff  or  breccia  is  brought  down  on  the 
southeast  so  as  to  be  in  iuxtaposition  with  the  limestone.  The  fault 
is  well  shown  in  a  long  drift  run  on  it  to  the  southwest.  The  fissure 
contains  soft  gouge  and  shows  slickensides,  but  is  about  destitute 
of  ore. 

The  Brooklyn  tunnel,  200  feet  below  the  Mono  tunnel,  enters  in 
limestone,  which  is  probably  over  200  feet  thick  in  this  gulch.  The 
tunnel  has  several  branches,  the  longest  about  800  feet  in  length.  It 
cuts  through  at  least  two  large  masses  of  crumbling  iron  pyrite, 
formed  by  replacement  of  the  limestone.  These  masses  are  lx)unded 
on  the  southeast  b}'  a  northeast  fault  plane,  which  brings  them 
against  a  down  thrown  mass  of  andesitic  breccia.  This  fault  is  sup- 
l)Osed  to  be  the  one  already  described  l)etween  the  Maud  S.  and 
Mono  fissures.  The  only  one  of  these  pyrite  masses  which  could  be 
reached  in  11)00  is  at  least  G  feet  in  thickness  (the  height  of  the  drift), 
and  probably  considerably  more.  Northwest  of  the  fault  it  extends 
irregularly  into  the  limestone  for  ove»'  100  feet.  Northwest  of  these 
masses  of  pyrite  is  a  long  northeast  drift,  which  appears  to  follow  a 
fault  for  most  of  its  course.  On  the  southeast  side  of  the  drift  is 
limestone  with  bunches  of  iron  pyrite.  On  the  northwest  side  is  an 
irregularly  laminated  and  much  disturbed  quartzite,  which  may  prob- 
abl}^  be  the  "lower  quartzite"  of  Kedzie.  The  general  strike  of  this 
laminated  quartzite,  i.  e.,  of  the  laminje,  is  about  northeast.  The 
general  dip  is  northwest,  but  exceedingly  variable.  This  quartzite 
belongs  pn^sunuibly  below  the  limestone,  but  whether  it  is  tlie  same 
as  the  massive  (luartzite  at  the  Saratoga  Mill  or  is  a  younger  quartzite 
not  there  seen,  and  perhaps  of  Devonian  or  Silurian  age,  is  not  at  pres- 
ent known. 

Jay  Eije  See  mine. — This  also  is  a  prospect  situated  in  Parole  Gulch, 
south  of  tho  Maud  S.  A  shaft  was  formerl}"  sunk  on  a  heavy  lode  or 
bunch  of  ])yrite,  associated  in  this  <*ase  with  a  little  quartz  gangue. 
No  ])ay  oio  was  ev<M'  found  in  this  shaft.  Subsequently  a  tunnel  run 
ill  just  west  of  the  shaft  cut  a  lode  which  in  places  carried  tetrahedrite, 
pyrite,  and  ehalcopyrite  up  to  4  feet  in  width.  The  ore  occurred  in 
lenses  eonneeted  by  a  ])arren  seam  of  clay  gouge  in  soft  decomposed 
andesitic  tuff-breccia,  and  the  mine  never  paid  steadily.  The  tetra- 
hedrite sometimes  carried  400  ounces  of  silver  per  ton.  The  bodies 
of  pyrite  cut  in  tlie  original  shaft  are  quite  probably  part  of  the  Mono 
lode.  But  parallel  fault  fissures  of  southeasterly  dip  and  normal 
heavi*  are  here  so  common,  however,  that  identification  of  any  single 
one  is  almost  impossible. 


J 
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Barsiow  mine, — This  mine,  formerly  known  hs  the  Bohiiiil,  waa  the 
only  mine  in  llie  R<'d  Mountain  diMtriet  working  nnd  prcHliicitig  omI 
in  IBfiO  and  11H10  on  any  mnsidGrable  H^Hk\  It  is  !HitUHlt*d  aliout*r* 
mile  WBj^t  of  the  Ouf*ton,  on  a  prominent  lode  running  up  Commodore 
Gulch,  on  whir^h  tlie  IranNtan,  iiobtail.  Hector,  Sanitoga,  nnd  Moscow 
claims  aix?  locatcnL  The  Iran^tan  and  Bobtail  were  worked  early  in 
the  eighties,  but  have  lH*en  Idle  for  the  last  few  years,  until  work  was 
resumed  by  the  BarHtow  Mining  and  Millin>^  ('onipany.  Tho  mim*  is 
opened  by  an  oblifine  cfoascut  tunnel  and  all  the  work  in  on  one  leveL 

The  lode,  which  ha®  a  general  northwest-aild-sonthea^it  at  like,  anM 
dips  southwest  at  about  50'',  ih  a  large  one,  30  to  4*J  feet  wide,  hut  the 
ore  is§  etudined  to  one  or  two  rich  Htreakn  in  its  middle  portion.  I'he 
lode  contains  much  soft,  altered  country  rock  and  is  traverscni  by  clay 
jfonges,  making  it  exceedingly  treacherous  and  difficult  to  work  by 
overhand  stoping.  The  mass  of  the  lode  contains  pynte,  chaleopy- 
rite,  sphalerite,  and  some  bunches  of  low-grade  galena.  The  jjT'iQgue 
is  ohierty  quartz,  often  cavernous  and  drusy,  with  a  little  iiuorite. 
The  liest  on*  is  a  light-gray  metallic  mineral  called  "gray  eoiifier'^  at 
the  mine,  whieli,  when  pure,  assays  an  uiueh  as  L\(MX*  ouueen  of  Mlvefi 
and  25  ouneci^  of  gold  per  ton.  The  gold  always  accompanies  ami  In 
proportional  in  amount  to  the  silver.  Clieraical  examlnathin  shows 
that  the  so-called  '*  gray  et>pper"  is  in  i his  case  an  argentiferous  lead 
sulphobisninthite  f^nTitAuiir^ir  nlrnost  im  et>pper,  iindmlily  ihf^  inin^^ml 
cosalite.  But  the  present  material  obtainable  (sp.  gr.  7.04  at  30*^  C.) 
proves  on  chemical  investigation  to  be  a  mixture  of  the  lead  sulpho- 
bismuthite  with  pyrite  and  some  telluride.  Under  these  circum- 
stances it  was  inadvisable  to  spend  time  in  making  a  complete 
quantitative  analysis.  From  his  preliminary  tests,  however,  Dr.  W.  F. 
Hillebrand  has  kindly  supplied  the  following  rough  approximation 
to  the  composition  of  the  mixture: 

Approximate  ccmiposition  of^  mixture  from  Barstow  m>ine. 
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The  lead  of  cosalite  is  known  to  be  sometimes  partly  replaced  by 
silver  and  copper.  In  this  i)articular  case  the  silver  is  evidently 
accompanied  by  some  gold,  which  is  probably  combined  with  tellurium 
and  not  directly  with  the  sulphur  and  bismuth.  The  sulphobismuth- 
ite  is  often  closely  associated  with  chalcopyrit-e,  which  carries  little 
value.  The  rich  ore  streaks  are  more  or  less  lenticular  in  form  and 
are  usually  separated  from  the  mass  of  the  lode  by  wet  clay  gouges. 
The  best  ore  occurs  nearer  the  footwall.     As  the  workings  are  con- 
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fined  within  the  mass  of  the  lode,  the  relation  of  the  latter  to  the  wall 
rock  could  not  be  studied. 

Silver  Ledge  niine. — This  property,  situated  about  half  a  mile  north 
of  Chattanooga,  and  operated  by  the  Ledge  Mining  and  Milling 
Company,  is  worked  through  a  shaft  about  400  feet  in  depth,  sunk 
in  the  bed  of  Mineral  Creek.  Most  of  the  work  at  present  is  on  the 
fourth  level,  at  a  depth  of  300  feet,  and  in  the  stopes  immediately 
above  it.  Th(»  workings  are  all  in  rhyolite.  This  rhyolit^  forms  a 
considerable  area  extending  to  the  westwanl  of  the  mine  with  a 
rather  irregular  ]K)undary.  Its  eastern  limit  is  very  close  to  the  mine 
workings.  For  more  detailed  ac^^ounts  of  this  rhyolite  ma.ss  the 
reader  is  referred  to  the  forthcoming  work  of  Mr.  Cross.  The  con- 
clusion reached  by  him  at  the  present  writing  is  that  it  represents  an 
area  of  the  Potosi  rhyolite^  which  has  been  faulte<l  down  into  the 
surrounding  rocks.  If  this  view  is  correct  the  rhyolite  is  limited  in 
depth.  There  are  no  data  now  available  for  even  a  rough  estimate 
of  the  thickness  of  this  rhyolitic  iliass,  but  if  mining  be  pushed  deep 
enough  it  will  be  passed  through.  If,  on  the  other  hand,  the  I'ock  is 
intrusive,  it  may  extend  to  practically  unlimited  depth. 

There  are  certain  featui'es  about  the  rock  itself  which  sustain  Mr. 
Cross's  hypothesis.  It  has  many  of  the  characteristics  of  the  sur- 
licial  rhyolite  flows  of  the  Potosi  series,  and,  as  far  as  could  be  seen 
in  its  altered  condition  near  the  mine,  has  not  the  crystalline  structure 
that  might  naturally  be  looked  for  in  an  intrusive  mass  of  such  size. 
Moreover,  on  the  400  level  of  the  Silver  Ledge  occur  masses  of  a 
compact,  slightly  pinkish  rock,  which  are  sometimes  fairly  distinct 
from  the  white  altered  rhyolite  and  sometimes  appear  to  grade  into 
it.  This  pinkish  rock  occurs  as  isolated  patches  or  nodules  in  the 
rhyolite,  and  at  one  point  forms  a  considerable  mass,  of  which  tlie 
bottom  is  not  yet  exposed.  Under  the  microscope  this  rock  shows 
numerous  small  grains  of  quartz  in  a  very  minutely  crystalline  seri- 
citic  groundmass.  It  is,  without  \nery  much  doubt,  a  devitrified  glassy 
rhyolite  or  rhyolitic  tuff.  Such  material  could  hardly  occur  in  such 
a  place  if  tlie  rhyolite  were  intruded.  It  strongly  suggests  volcanic 
or  effusive  conditions.  It  is  even  possible  that  the  appc^arance  of 
this  material  indicates  an  approach  to  the  bottom  of  the  rhyolitic 
mass. 

Th(»  work  ot*  Mr.  Cross  has  established  the  existence  along  the 
eastern  border  of  the  rhyolite  mass  of  a  fault  which,  just  southeast 
of  the  mill,  brings  the  rhyolite  against  andesite  on  the  east.  The 
line  of  this  fault  would  carry  it  not  far  east  of  the  main  shaft,  and  it 
was  thought  that  a  crosscut  which  had  been  driven  100  feet  to  the 
eastward  from  the  400  (360  feet)  level  might  be  found  passing  through 
this  fault  fissure  into  andesite.  About  70  feet  east  of  the  shaft  the 
crosscut   does   pass  through  a  strong  gouge-filled   fissure,   but   the 


>  See  the  Telluride  folio.  No.  57. 
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rock,  althoujfh  all  much  iilloreil,  Mhows  no  change  either  in    band 

s|>eciitH*iis  or  luuh^v  Wn*  iiiicroHeopr,  It  all  appoart*  to  htivv  \u*en 
originally  rhyoHit*. 

TIh^  yre,  (.^onjsiHtiiig  of  pilonn  ami  Hphalerilt?,  occur?*  rt?i>Uu'inji^  nod 
iiupregiiatin^  the  rlijolik^  iu  tlie  vicinity  of  twn  or  mure  fnictureii^ 
whicli  have  a  jjreiieral  strikt*  of  about  N,  27'  E.  iiiid  dip  s^outlieaHt  at 
a  high  ati^ie.  lliese  liRstires  i^ontain  crushed  eountry  rock  and  on*, 
jiiid  <lir*r»^  has  i*viil(*Titly  ivf^ri  Jati'  Tii<»\"''Tncnt  ahiTiL'  thcMtt  ^mi^'*'  t>H*  fM'»- 

.mM  depoBited.  They  are  protobly  merely  a  porfclcm  of  a  pranoiuioed 
Canlt  sBone,  whicli  here  follows  the  general  treiid  of  tihe  creek.  The 
oie  bodies  are  foond  byfoUowliigtIieeefmotaireSybatarenotooiifiiied 
within  thoir  walls.  They  extMid  irregularly  into  the  rfayolile  for  80 
ur  ¥y  r*  4 1  tci  the  west,  the  low-giade  gal^ia,  aesoefated  with  oosuadep- 
able  ?^phalci  ite»  sometimes  forming  kur^  masses  whd^y  replaefng  the 
rUyulito,  but  more  often  impregnating  it  thi<ddy  in  small  nesteaad 
LHolat^d  {larticles.  There  are  no  walls  to  the  ore  bodies,  aiic|  they  ave 
folh>wiMl  into  the  rhyolite  nntil  the  proportion  c^  ore  to  gangiie 
bf*^oule^  too  small  for  profltaUe  working.  Tory  little  ore  has  thus 
far  iNH'a  fi  Kind  to  the  east  of  the  flssuteSi  although  the  woridngs  ha^e 
m  yH  n  vojiled  nO  change  of  country  rock  in  that  direetiosu 

Thi*  rhyuHte  has  been  altered  in  connection  with  the  <Mre  depo8iti<m 
lo  A  i'mtAy  crystalline  mass  of  sericite,  k^lin,  and  quarta  in  Taiying 
proiKirtioTiH,  serving  as  gangue  for  the  ore. 
'  Tilt?  priacipaljFractnres  of  this  mine  appear  to  be  comparable  to  the 
so-called  ore  break  in  the  Guston  mine.  It  is  very  probable  that  the 
zone  of  fractures  extending  up  Mineral  Creek  and  passing  just  east 
of  Suiinnit  forms  part  of  the  fissuring  found  in  the  Lake  and  National 
Belle  mines  near  Red  Mountain. 

The  ore  of  the  Silver  Ledge  is  concentrateii  in  a  small  mill  run  by 
steam.  It  is  equipped  with  1  Gates  crusher,  2  sets  of  wells,  4  three- 
compartment  jigs,  10  stamps,  and  4  double-deck  and  2  single-deck 
Wilfley  tables.  The  capacity  is  about  00  tons  a  day.  The  principal 
output  of  the  mine  is  a  low-grade  galena,  which  is  shipped  in  the  form 
of  concentrates.  A  little  free  gold,  associated  with  a  telluride  sup- 
posed to  be  calaverite,  was  found  on  the  300  level  as  a  thin  skin  on  a 
slickensided  fracture*  surface  in  the  usual  impregnated  rhyolitic  conn- 
try  rock.  This  was  the  only  occurrence  of  free  gold  known  in  the 
mine. 

The  future  development  of  this  mine  is  likely  to  \ye  of  gi*eat  interest. 
It  is  evident  that  if  the  interpretation  of  the  rhyolite  as  a  down-faulted 
sheet  or  flow  be  correct,  then  an  entirely  different  set  of  conditions 
will  be  encountered  when  the  bottom  of  the  rhyolit-e  is  reached.  In 
all  probability  the  ore  deposit  will  become  a  simple  fissure  vein  or  a 
series  of  ])arallel  veins.  Moreover,  further  exploration  of  the  eountry 
east  of  the  shaft  may  reveal  ore  bodies  yet  unknown.  The  crosscut 
already  begun  in  this  direction  might  perhaps  be  extended  with 
-advantage  until  the  ande^VUe  yoq^s.  «:>^  U\q  Silverton  series  is  reached. 
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May  net  mine. — This,  an  old  location,  is  situated  on  the  east  side  of 
Mineral  Creek,  near  Burro  Bridge.  It  produced  a  little  rich  silver  ore 
in  the  early  eighties,  but  owes  its  interest  at  present  to  the  occurrence 
of  a  tolluride  of  silver,  probably  hessite. 

The  workings  comprise  a  tunnel  about  540  feet  in  length  and  a  few 
superficial  openings.  The  lode  strikes  N.  85°  W.  and  dips  from  00° 
to  80""  to  the  south.  It  is  a  compact  stringer  lode,  in  plac(»s  2  feet 
wide,  which  contains  considerable  mineralized  and  alt^ered  andesitic 
br(»ccia,  which  forms  the  country  rock.  The  stringers  are  filled  with 
quartz,  ''frozen"  to  the  walls  and  containing  bunches  of  ore.  A 
radial  structure  of  the  quartz  is  common  and  vugs  are  numerous. 
The  ore,  consisting  of  argentiferous  galena,  a  silver  telluride  (hess- 
ite?), a  little  free  gold,  sphalerite,  chalcopyrite,  and  pyrite,  occurs 
partly  in  the  quartz  and  partly  replacing  the  included  fragments  of 
breccia.  The  richest  ore,  containing  the  hessite,  is  usually  a.ssociated 
with  the  radial  quartz  and  often  occurs  in  the  interstices  between  the 
outer  ends  of  tlu*  crystals.  The  ore  is  unevenly  distributed  through 
the  lode  and  has  been  found*  only  in  small  bunches. 

Brobdignag  claitn. — This  abandoned  ]>rospect  is  of  intiCrest  as  the 
locality  whence  some  zinkenite  was  formerly  obtained,  which  was 
described  and  analyzed  by  Dr.  Ilillebrand.*  No  ore  was  visible  in 
IIKK).  The  country  rock  was  apparently  originally  an  andesite,  but 
is  alteied  to  a  white  aggregate  consisting  chiefly  of  quartz  and  barite. 

Ziifli  wine. — This  mine,  well  knoNvn  in  mineralogical  literature  as 
the  source  of  guit^rmanite  and  zunyite,  is  situated  near  the  summit 
of  Anvil  Mountain,  at  an  elevation  of  about  12,000  feet.  The  ore 
body  was  worke<l  from  the  surface  by  an  o|>en  cut  and  a  shaft  and 
by  two  tunnels.  The  upper  tunnel  branches,  the  two  breasts  being 
loC)  and  ISO  feet  in  from  the  surface.  A  second  tunnel,  200  feet  below 
th(*  upper  one,  is  540  foet  in  length.  There  is  uo  connection  ]>etween 
thes(»  two  tunnels. 

The  surface  ore  of  the  Zufti,  discovered  in  1881,  was  chiefly  massive 
sulphate  of  lead  (anglesite)  containing  abundant  small  tetrahedral 
crystals  of  unaltered  zunyite.  This  soon  changed  to  unoxidized 
guitermanite  in  characteristic  association  with  zunyite.  This  was  the 
chief  on*  of  the  upp<*r  tunn(»l,  and  occurred  in  a  mass  about  60  feet 
long  and  15  feet  wide.  Below  the  tunnel  level  this  bismuthiferous 
lead  ore  decreased  in  w^idth  to  about  0  feet  and  changed  gradually  to 
a  (•()])per  on*,  consisting  chiefly  of  enargite,  with  pyrite,  kaolin,  and 
a  littler  barite.  The  enargite  carried  al)out  216  ounces  of  silver  and 
40  p(»r  cent  of  copper.  In  the  lower  tunnel  the  ore  body,  about  40 
feet  loniT  and  12  feet  wide,  is  a  soft  mass  of  kaolin  and  eml)edded 
pyrite,  with  nests  of  enargite.  The  pyrite  occurs  chiefly  in  octa- 
hedra  and  is  said  to  carry  a  very  little  gold.  The  ore  at  this  depth  con- 
tains many  fragments  of  the  immediat.e  countrj'  rock,  a  much  altered 
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porphyry^  appat^raitiy  oiigtiially  an  andesite  or  latite.  Tli^'  oMteet 
between  the  ore  and  these  fxiHpnentB  is  perfectly  sharp,  and  the  latter 
often  have  sharp,  angular  oomers. 

Small  masses  of  similar  ore,  showii^  no  apparent  eonneeticnt  wtUi 
the  main  body,  were  encountered  at  several  points  in  the  tonneL 
They  often  contain  small  caves  or  vtigs  lined  with  crystals  of  quarts^ 
barite,  enargite,  and  pyrite.  The  country  rock  around  such  esn^ea  to 
brecciated  and  the  crevices  are  filled  with  ore.  Hie  ore  in  tiie  lower 
tunnel,  consisting  chiefly  of  pyrite,  is  too  low  to  work.  The  longer 
.  diameter  of  the  ZufEi  ore  body  apparently  strikes  about  N.  15^  W., 
and  the  dip  is  from  Tfi""  60  80"*  to  the  west. 

There  are  several  smaller  prospects  of  the  general  type  of  the  Zii8i 
en  Anvil  Mountain.  These  are  usually  small  irr^^nlar  bundles  to 
'^dldmneys'' of  ore  of  small  horizontal  andverticail  extent.  Tb^ 
sometimes  occur  immediately  at  the  surface,  as  in  a  datm  owned  bjy 
John  Roland,  where  masses  of  galena,  showing  only  supeHIcial  daddi^ 
tidn,  occur  at  the  grass  roots.  In  some  cases  the  surface  ore  to  argen- 
tiferous enargite  (Dewey  claim).  There  can  be  little  doubt  tliat 
inaiiy  undiscovered  small  irr^(ular  masses  of  ore  occur  wiliiin  titov 
.  atfeered  andesites  and  other  igneous  rocks  of  Anvil  Mcfimtaln.    But 

(  fuch  to  their  irregiilarity  in  occurrence,  and  so  limited  are  thi^  in 
..  tatent,  that  small  inducements  are  held  ont  for  extensive  deep  pree- 
*  peoting. 

Mddrwm  and  Hammond  tunnels, — llie  success  of  the  Revenue 
tunnel  has  encouraged  the  prosecution  of  other  extensive  tunneling 
ventures  in  the  vicinity.  The  Meldrum  tunnel  is  being  driven  on  a 
coarse  about  4°  S.  of  W.  from  a  point  on  Red  Creek  opposite  the  Sil- 
ver Bell  mine  through  to  Bridal  Veil  Basin  in  the  Telluride  quad- 
rangle, a  distance  of  over  4  miles.  The  tunnel  is  12  by  12  feet  and 
had  run  alK)ut  900  feet  in  1890.  Work  was  also  in  progress  at  the 
western  end  of  the  tunnel  line.  In  1900  all  work  was  suspended. 
The  Hammond  tunnel  also  enters  from  Red  Creek,  nearly  west  of  the 
Yankee  Girl  mine  and  has  a  course  of  N.  80°  W.  It  had  a  lenjrth  of 
about  2,000  feet  in  September,  1900 — all  in  andesitic  breccia.  As  a 
rule  the  rock  is  solid,  very  little  timbering  being  required.  But  in  the 
neighborhood  of  .1,000  feet  from  the  mouth  some  zones  of  recent  brec- 
ciation,  dipping  eastward,  are  cut  through.  These  indicate  faulting, 
possibly  connected  with  the  movements  of  landslide  character  revealed 
in  the  topography  above  the  tunnel. 

These  tunnels  are  evidently  designed  to  cut  the  continuation  of  the 
Tomboy  lode  and  other  less  known  and  undeveloped  lodes  traversing 
the  high  ridge  west  of  Red  Creek.  A  very  large  outlay  of  capital  will 
be  required  to  complete  them.  Without  expressing  an  opinion  upon 
these  particular  enterprises,  it  may  be  pointed  out  that,  in  so  far  as 
the  projectors  of  long  tunnels  count  upon  finding  richer  or  more 

j^bundant  ore  than  is  \ud\cated  near  the  surface,  they  are  playing  a 
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game  of  chance  in  which  the  probabilities  are  decidedly  against  them. 
But  where  the  object  is  to  cut  a  lode  of  proved  value  and  continuity, 
as  was  the  case  with  the  Virginius  lode  tapped  by  the  Revenue  tun- 
nel, the  unertaking  involves  no  more  than  the  legitimate  risks  incident 
to  most  large  business  enterprises. 

MINES  OF  SULTAN  MOUNTAIN. 

Xorfh  Star,  mine, — Situated  on  the  northern  slope  of  Sultan  Moun- 
tain, about  a  mile  southwest  of  Silverton,  this  mine  was  at  one  time 
one  of  the  largest  and  most  productive  in  the  quadrangle.  It  was 
located  in  1876,  but  not  extensively  worked  until  about  1881,  when  it 
became  the  most  productive  mine  in  San  Juan  County,  some  3,000 
tons  of  ore  having  been  mined.  At  the  close  of  1882  the  workings 
comprised  about  1,700  feet  of  drifts,  and,  according  to  the  report  of 
the  Director  of  the  Mint,  over  100,000  ounces  of  silver  and  1,500,000 
j)ounds  of  lead  had  been  extracted.  The  ore  at  that  time  was  shipped 
to  St.  Louis,  and  is  said  to  have  carried  from  70  to  80  ounces  of  silver 
and  35  per  cent  of  lead.  In  1883  the  output  is  given  by  the  Mint 
reports  as  <;200,000,  and  in  1884  as  1,100  tons,  value  not  stated.  The 
same  source  gives  the  product  for  1888,  1890,  and  1891  as  $46,522, 
*206,072,  and  $337,102,  respectively,  the  silver  being  reckoned  at  its 
coinage  value.  The  mine  was  finally  closed  about  1897,  it  having 
been  practically  worked  out  down  to  the  tunnel  level. 

The  main  adit  is  a  tunnel  (No.  7)  7  feet  in  the  clear  and  2,100  feet 
in  length,  which  has  its  entrance  about  50  feet  above  Mineral  Creek 
and  penetrates  the  mountain  in  a  southwesterly  direction,  cutting  the 
lode  nvarly  at  right  angles.  The  latter  is  a  fissure  vein  in  monzonite, 
striking  nearly  northwest  and  southeast,  but  showing  considerable 
variation  in  trend.  The  dip  is  to  the  southwest  at  from  45°  to  60°. 
Tlie  monzonite  near  the  vein  is  decomposed  and  soft,  and  when  the 
mine  was  visited  in  1899  it  was  found  impossible,  on  account  of 
caving,  to  reach  the  ends  of  any  of  the  drifts  or  to  enter  the  stopes. 
The  vein  contains  much  quartz,  and  is  usually  wide,  the  average  width 
according  to  one  account  being  about  8  feet.  The  pay  streak,  generally 
about  a  foot  wide,  and  consisting  of  galena  and  tetrahedrite,  occurs 
very  persistently  along  the  footwall  side  of  the  vein.  The  pyrite 
occurring  in  the  more  quartzose  portion  of  the  vein  is  said  to  carry 
some  gold,  and  small  amounts  of  the  latter  have  been  found  free.  The 
average  tenor  of  the  ore  is  reported  to  have  been  about  a  half  ounce 
of  gold,  40  ounces  of  silver,  and  50  per  cent  of  lead. 

Al)out  100  feet  southwest  of  the  North  Star  vein  is  the  Crown  Point 
and  Wheal  Alfred  lode,  a  nearly  parallel  quartz  vein  carrying  some 
gold.  The  dip  of  this  lode  is  steeper  than  that  of  the  North  Star.  It 
shows  pyrite,  chalcopyrite,  and  t<}trahedrite,  with  a  little  specularite, 
in  a  quartz  gangue.     Barite  is  probably  present  in  both  lodes. 
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An  ahuntUnt  flow  gf  water  issues  from  tli**  mnin  tunneU  jmi*!  pruvwl 
^tp^ahlpsoine  when  the  mine  war^  IwHiifj  worketl   on  ftecouiit   of   th© 
ipldilA  with  which  it  I'cirrmleti  raili*  and  pipes. 

The  North  St^ar  mill,  erected  about  1890,  ii*  e^iiuppeil  with  2  Blake 
cnif<her8,  '*l  setH  nf  n»lls,  s  thnf4*'eompartuieiit  jigs,  2  tont^eompartxm&at 
ji^H,  :?o  8tiiiapH,  ami  ;i  Wo^xlbiiry  tAbleK.  The  power  is  w»ter.  TbiB 
I>1hiU  was  riinuing  in  1H99  as  a  ciiHtom  inilL 

4Be!€her  min€.—T\i\s  mine,  now  ahandoned,  is  situated  in  the  higk 
bm^in  o|H^nini;  to  the  iioiihcHst  on  ihe  nortlnnist  side  of  Sultan  Moon- 
tain,  the  principal  adit  bcin^  »i1  ^ti  elevation  oi  about  11,250  feek 
It  was  locatefl  in  187ri,  yicided  over  3rX)  tons  of  ore  in  1881,  and  in 
lN8i>  liad  btH'onii*  a  steady  producer,  hi  1  ^>i3  there  wem  tlunee  leTeis 
oix*ued  by  tunnels,  ami  n  prmiuci  of  lj*>u  tons  of  oie  is  raomded,^ 
I  nvcrii^nng  38  oimcefi  of  silver  and  40  \k'y  ccat  of  lead,  nie  ontpnla 
tm  the  yearn  1H83,  1884,  1800,  \m\,  and  1H92,  as  given  in  the  Mint 
rcfji^rt?^.  vyf*re$s5,(H)0,  ^J:^,50^^,  ^8,41*7,  |!:H,iiii5  and  163,510,  leBpecUTely. 
Tlic  Itt'lelicr  Imle  U  in  inony/jnite,  and  \^  said  to  be  veiy  similar  to  the 
Nurrb  Star  lode  and  to  have  nearly  the  same  strike  tod  dipw  ll© 
f  workings  wtn*<^  wholly  inarM*essibh'  in  I  SOU,  and  no  observations  oonld 

JIh'  nmde  on  Die  iiM!<>  itHcll\  Ai'Ci»niin|f  to  >[r.  W.  H.  llioniaa,  atone 
time  part  owner  of  the  mint%  the  i^alena  orc^  was  less  abundant  in  the 
lowiT  lev«ds,  itH  place  hm\^  Uirj^cdy  taken  by  sphalerite.  Aooovding 
to  another  former  ownt^r,  the  lodt*  was  jn'act  ieally  worked  out  down  to 
the  tunnel  levtd,  nnil  Ihero  is  no  n^ason  to  suppose  the  good  ore  to  be 
any  less  abundant  below  the  l>ottoin  workinjrs. 

Fragments  of  ore  seen  on  the  dump  of  the  lowest  tunnel  showed 
galena,  sphalerite,  pyrite,  chaleopyrite,  and  tetrahedrite  in  a  gangue 
of  quartz  and  barite  with  some  calcite.  The  ore  was  sort;ed,  sacked, 
and  carried  on  burros  down  a  steep  trail  to  Silverton. 

Empire  group. — Through  the  present  Empire  tunnel  it  is  intended 
to  work  a  group  of  claims  on  the  northeast  slope  of  Sultan  Mountain, 
overlooking  Silverton  and  Bakers  Park.  The  more  important  of 
these  claims  are  the  Empire,  Little  Dora,  Victoria,  Jennie  Parker, 
Ajax,  and  Hercules.  They  cover  portions  of  three  important  lodes, 
which  are  only  roughly  parallel  and  which  have  a  general  trend  of 
about  N.  20  W.  The  Jennie  Parker  and  Hercules  are  supi>osed  to 
form  a  continuation  of  the  North  Star  lode. 

The  Empire  and  Jennie  Parker  were  worked  at  a  very  early  date  by 
Melville  &  Summerfield,  who  in  187f)  had  a  shaft  50  feet  deep  on  the 
Empire  lode  and  were  erecting  reduction  works  near  the  Animas 
River.  Thej^  were  apparently  not  successful,  and  the  mine  was  idle 
for  some  years.  In  1882  the  Little  Dora  lode,  which  in  1881  was 
shipping  ore  from  a  shaft,  was  struck  in  an  upper  tunnel.  This  is  a 
clean-cut  fissure  vein,  usually  about  2  feet  wide,  and,  although  small, 
has  produced  a  fair  amc  mt  of  ore.  The  Empire  at  this  time  was 
opened  by  a  shaft  125  teet,  deep  and  is  said  to  have  had  about  18 
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inches  of  excellent  ore,  largely  tetrahedrite,  which  averaged  100 
ounces  of  silver  and  10  per  cent  of  copper.  In  1883  the  Ajax  and 
Victoria  were  being  developed  by  tunnels.  None  of  these  lodes  has 
thus  far  l^een  worked  on  an  extensive  scale. 

They  are  all  simple,  nearly  vertical  fissure  veins  in  monzonite. 
Th(»  ore  is  niineralogically  similar  to  that  found  in  the  North  Star  lode, 
viz,  galena,  sphalerite,  tetrahedrite,  chalcopyrite,  and  pyrite,  in  a 
ganguo  consisting  chiefly  of  quartz  with  some  barite.  With  the  pre- 
vailing price  of  silver,  the  ore  is,  as  a  whole,  low  grade. 

The  Empire  tunnel  enters  the  mountain  about  150  feet  above  the 
])ed  of  Mineral  Creek,  and  has  a  straight  course  of  S.  35"^  W.  It  cuts 
the  Little  Dora  vein  about  1,230  feet  from  the  tunnel  mouth.  About 
i^OO  feet  farther  in  it  passes  through  a  fissure  about  10  feet  wide, 
tilled  with  crushed  rock  and  gouge,  but  containing  no  ore.  This  is 
probable  the  Jennie  Parker-Henniles  lode,  wliich  it  was  exjwcted  to 
cut  about  800  feet  beyond  the  Little  Dora.  The  tunnel  w^as  loO  feet 
beyond  the  large  fissure  in  August,  liK)(),  and  still  driving  on  in  solid 
moiizonitt*.  An  upper  tunnel,  'JOS  feet  vertically  above  and  about 
400  feet  west  of  the  Empire  tunnel,  formerly  known  as  the  Mcmtezuma 
and  used  to  work  the  little  Dora,  has  been  relocated  as  the  Boston 
tunnel  and  extended  through  to  the  Hercules  lode,  here  foun<l  to  Ik* 
a  strong  vein  u])  to  10  feet  wide,  dipping  to  the  south(»ast  at  about  85*^. 
It  showed  evidence  of  post-mineral  movement  along  the  fissure,  par- 
t  icularly  along  the  foot  wall.  The  Empire- Victoria  vein,  as  drifted  on 
from  the  Boston  tunnel,  is  fairly  regular  and  shows  a  width  up  to  7 
feet.  Its  dip  is  somewhat  variable — in  places  as  low  as  <)5  to  the 
southwest,  lliibnerite,  associated  with  fluorite,  occui-s  as  crystalline 
streaks  and  bunches  next  the  hanging  wall,  and  usually  surrounded 
by  soft  gouge.     It  is  probably  of  later  formation  than  the  ore. 

On  account  of  the  very  favorable  location  of  the  Empire  tunnel  it 
is  expected  that  ore  considerably  below  what  is  commonly  regarded 
as  the  lowest  grade  for  j)rofitable  working  in  this  n^gion  can  be  here 
successfully  handled. 

Of  her  mutfr'.s  and  prospecfs. — Th<*  Fairview  is  a  prospect  a  little 
more  than  a  mile  south  of  Silv(*rton,  at  the  ccmtact  between  the  intru- 
sive monzonite  stock  of  Sultan  Mountain  and  the  Algonkian  schists 
and  (jvcrlying  limestone.  The  property  includes  a  nearly  north-and- 
south  vein,  carrying  ore  niineralogically'  similar  to  that  of  the  Hercules 
lode.  The  Devonian  limestone  also,  near  the  monzonite,  has  been 
mineralized  and  carries  parti(»les  of  native  silver.  Argentite  is  also 
I'cported.  Two  tunnels,  one  200 and  the  other ^100 feet  in  length,  have 
been  run,  but  there  is  not  enougli  development  to  allow  satisfactory 
study  of  the  deposit. 

The  King  lode  is  a  <iuartz  vein  in  Algonkian  sc^hists  in  Cataract 
Gulch,  and  outcrops  just  below  the  basal  conglomerate  (Cambrian*:') 
wliieh   underlies  the   Devonian  limestone  and    rests  uvvc.viwlviww^^'^ 
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upon  the  edges  ef  tbe  sdiiate.    The  strike  of  the  vein  in  N.  6^  W.^  Jind 
it  dipe  westerly  ftt  78^    It  varies  in  width  from  18  inches  to  4  f^t^  J 
and  is  destitato  of  gouge.    Tiie  iiiclo^iug  JichiBt^  strike  N.  S^""  K.,  nnd 
tiieir  planes  of  schistosity  stend  ns^arly  vertieaK     The  vein  thnn  qtoss^ 
the  sehistosity  neaily  at  right  mnglm.     No  offsetting  of  the  sehists 
eould  be  detected  on  of^orito  ili1*^i^  f>f  t\w  fisRnri\     The  Klnii  1^  nfr  w  j 
faulted  Iqr  a  sniaU  vein  dippii]«  sonth  about  W%  and  file  noetic 
tion  ^the  lode  is  thrown  about  13  feet  to  tiie  west 

The  ore  of  the  King  lode  eonslsto  of  galoaa,  gray  eopper  (jpmUMIf 
tennantite),  and  ehalcopyrite,  with  some  iQhalerite  and  pifvila^  in  a 
quarts  gangue.  It.oarrles  about 0.1  ounoeof g!oUi,  56  ooneqa  of  8ll?«r» 
and  15  per  cent  of  lead. 

Close  to  the  King  lode  is  a  deposit  of  chalcopyrite,  whteh  occura  at 
the  contact  between  the  limestmie  and  the  unclerlyia^  quartzite. 
This  deposit  is  apparently  directly  conBi^eted  with  it  fissai^e  of  mther 
flat  soutiierly^dipy  whidht  traverses  both  quarts t^  and  limestone. 

The  Holes  mine,  now  abandoned,  is  on  n  noHrl^  vertical  fissure 
vein,  about  2  feet  wide,  in  limestone,  diert,  and  shales  of  D^vonlfta^ 
age.    The  vein  strikes  K.  72^  W.,  and  occupies  a  fault  flaaute. 

MINB8  OP  CSMSNT  CRBBK. 

OeneroL— The  ore  deposits  of  Cement  Creek  oeeur  in  lodea,  "mMA 
in  Ro88  Basin  attain  great  prominence.    The  ores  are  i>revd3ingty 

low  grade,  carrying  silver  and  lead,  or,  as  in  the  case  of  tbe  Gold 
King  mine,  a  large  proportion  of  gold.  The  occurrence  of  hiibnerite, 
although  it  is  not  at  present  worked  on  a  commercial  scale,  lends 
additional  interest  to  the  ore  deposits  of  this  portion  of  the  quad- 
rangle. A  few  of  the  mines  within  the  Cement  Creek  drainage  liave 
been  described  in  connection  with  adjacent  portions  of  the  region, 
for,  as  elsewhere  pointed  out,  the  geographical  grouping  of  the  ore 
deposits  of  the  quadrangle  has  no  necessary  significance  beyond  con- 
venience of  description,  and  is  accordingly  not  rigidly  adhered  to 
when  other  courses  seem  desirable. 

Gold  King  mine. — This  property,  with  which  are  included  the 
Sampson  and  American  mines,  now  under  the  same  ownership,  is  by 
far  the  most  important  mine  of  the  Cement  Creek  district.  It  lies  on 
the  western  slope  of  Bonita  Peak,  Avith  the  present  main  adit  tunnel 
at  al)out  12,500  feet  elevation.  Two  lodes  are  worked,  termed, 
respectively,  the  Davis  and  Gold  King.  Both  have  a  general  north- 
east course,  and  on  the  main  level  are  about  70  feet  apart.  The  Gold 
King  lode,  which  is  the  northwesterly  one,  dips  southeast  at  about 
75°  on  the  main  level.  The  dip  of  the  Davis  is  to  the  northwest,  but 
nearly  vertical.  In  the  lower  level,  107  feet  below  the  adit,  these 
lodes  are  closer  together.  Both  are  strong,  typical  stringer  lodes  with- 
out any  gouge.  So  little  have  they  been  disturbed  by  jiost-mineral. 
movements  that  tbere>  \a  pT^^Uc^aVly  no  water  in  the  mine.     The  ore 
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is  a  network  of  irregular  stringers,  inclosing  much  mineralized  ande- 
sitic  country  rock.  Distinct  walls  are  lacking,  and  the  ore  is  taken 
out  to  a  width  determined  by  its  value.  This  is  sometimes  over  30 
feet. 

The  Gold  King  lode  is  particularly  irregular,  and  its  character  led 
almost  inevitably  to  the  litigation  between  the  Gold  King  and  Samp- 
son companies,  which  was  wisely  settled  by  the  purchase  of  the  latter 
by  the  former. 

It  shows  a  marked  tendency  to  split,  inclosing  large,  irregular  horses 
of  the  country  rock,  and  dividing  locally  into  two  or  more  apparently 
distinct  lodes  of  varying  dips  and  strikes.  It  thus,  with  our  present 
mining  laws  in  force,  opened  unending  x>ossibilities  of  contention,  so 
long  as  the  two  mines  were  under  separate  ownei'ship.  One  of  the 
most  remarkable  instances  of  this  tendency  seems  to  be  developing 
on  the  main  Gold  King  level,  about  400  feet  west  of  the  adit  cross- 
cut. Here  a  large,  flat  body  of  ore,  continuous  with  the  ore  of  the 
main  Gold  King  lode,  has  been  followed  out  for  30  or  40  feet  to 
the  northwest  with  a  very  gentle  northwest  dip;  This  ore  apparently 
rests  upon  the  top  of  a  large  horse,  as  in  the  northern  part  of  the 
stope  the  dip  of  the  ore  is  now  found  to  be  suddenly  increasing. 
Possibly  a  still  more  striking  case  is  the  relation  between  the  Gold 
King  and  Davis  lodes.  It  seems  very  probable  that  these  are  not  dis- 
tinct, but  merely  branches  of  a  very  large,  irregular  stringer  lead 
separated  by  a  large  horse  of  country  rock,  in  which  case  they  may 
be  expected  to  come  together  in  dip  and  strike. 

At  the  point  where  it  is  reached  by  the  adit  crosscut  (which  runs 
nearly  nortli)  the  Gold  King  lode  is  faulted  by  the  so-called  "Red 
vein,"  which  has  a  northwesterly  course  and  dips  northeast  about 
lb"".  The  horizontal  displacement  is  about  30  feet,  the  northeast  por- 
tion of  the  Gold  King  being  thrown  to  the  northwest.  A  supposed 
**bend"  in  the  Gold  King  lode  on  the  level  below  is  almost  certainly 
the  same  fault.  The  Red  vein  contains  rhodonite  (hence  its  name), 
which  is  not  found  in  tlie  Gold  King  and  Davis  lodes.  It  contains  no 
ore  of  value,  as  far  as  known. 

The  characteristic  ore  of  the  Gold  King  and  Davis  lodes  consists  of 
white  quartz  with  abundant  pyrite,  often  showing  banding  by  disposi- 
tion. The  pyrite,  when  massive  and  nearly  free  from  quartz,  is  of 
little  value  in  the  Gold  King  lode,  but  carries  gold  in  the  Davis  lode. 
The  best  ore  always  contains  quartz,  which  may  occasionally  show 
some  free  gold.  Galena,  usually  fine  granular,  occurs  in  bunches, 
being  more  abundant  in  some  portions  of  the  lodes  than  in  others. 
As  a  whole,  the  ore  is  low  grade,  and  probably  no  mine  in  the  quad- 
rangle can  set  as  small  nether  value  for  workable  ore. 

Extensive  preparations  are  being  made  for  the  future  working  of 
this  property.  The  American  tunnel  cuts  what  is  thought  to  be  the 
same  lode  at  a  vertical  distance  of  several  hundred  feet  below  thft 
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jpreaent  adit;  while  a  seoond  tannel,  atx>at  70i)  ft*et  in  leu^h  m  Sep-  . 
tember,  1900,  is  being  driven  from  the  mill  at  Gladi^tDiie.     This  will  m 


eventually  tap  ihe  lode  abont  1,000  feet  below  tiie  present 

The  ore  is  carried  down  to  the  mill  at  Gladstone  on  a  weU-tmilfc 
Bleichert  wire-rope  tramway,  running  from  800  to  400  baclcets  of  700 
or  800  pounds  per  day.  A  second  tramway  is  being  built  to  tbe  Amer* 
lean  tunnel.  The  mill  is  equipped  with  a  Gates  crusher,  80  stamps^ 
and  40  Frue  vanners.  Power  is  supplied  by  a  250-horaepower  West- 
inghouse  engine.  The  free  gold  is  amalgamated,  but  the  balk  oi  the 
product  is  in  the  concentrates,  which  are  shipped  to  the  smelter.  The 
owners  of  the  Gold  King  bidlt  Mid  control  the  nanow-gange  railway 
from  Silverton  to  Gladstone. 

Tungsten  are  depoaita.— The  Adams  claim,  which  luui  for  soTeral 
years  furnished  cabinet  specimens  of  the  tungstate  hObnerite,  lies  on 
the  western  slope  of  Bonita  Peak  at  an  elevation  of  about  11,900  fe^ 
The  hllbnerite  occurs  in  a  lode  which  strikes  N.  10^  E.  and  dips  east 
'  about  85''.  In  the  main  it  is  a  sheeted  zone  3  or  4  feet  wide,  in  altered 
'  andesite  of  the  Silverton  iseries,  the  fissures  being  filled  with  quarts 
and  fluorite.  The  individual  stringers  or  veinlets  of  the  lode  are 
rarely  more  than  6  inches  wide  and  are  adherent  or  '^firoeen''  to  the 
'  walls.  The  hObnerite  does  not  occur  in  all  portions  of  the  lode,  but 
in  isolated  and  irn^gular  bunches,  streaks,  or  nests  of  bronfle-brown 
radial  crystals  embedded  in  quartz  and  fluorite.  The  development  of 
this  deposit  is  very  sui)erficial,  consisting  of  a  short  tunnel  and  some 
open  cuts,  and  the  tungsten  ore  has  never  been  worked  on  a  commer- 
cial scale.  The  prospect  was  evidently  opened  in  search  of  other  ore, 
as  the  liiibnerite  has  been  thrown  with  the  waste  on  the  dump. 

In  Dry  Gulch  hiibnerite  occui*s  in  a  strong  lode,  on  which  have  been 
located  the  Dawn  of  Day,  Sunshine,  and  Minnesota  claims.  This 
lode  lias  a  ('ourse  of  about  S.  GO''  E.  and  dips  southwest  at  65^.  Sev- 
eral prospecting  openings  have  been  made  on  it  on  the  south  side  of 
the  gulch.  One  of  these  shows  a  solid  vein  of  quartz  3  or  4  feet  wide 
in  Silverton  andesite.  The  hiibnerite  occui-s  in  the  quartz  in  two  or 
three  small  streaks,  from  1  to  3  inches  wide,  and  in  small  isolated 
bunches.     Thi*  crystals  are  smaller  than  those  in  the  Adams  lode. 

Owing  to  its  weight  (sp.  gr.,  7.2)  and  its  occurrence  in  other\^i8e 
nearly  barren  cjuartz  and  fluorite,  the  hiibnerite  of  Cement  Creek  can 
be  readily  and  <;leanly  concentrat-<»d.  Some  5  tons  of  concentrates 
have  been  produced  from  the  Dry  Gulch  claims;  but  whether  the 
material  occuis  in  sufficient  abundance  and  in  sufficiently  continuous 
bodies  to  pay  for  mining  is  a  question  not  yet  decided. 

In  its  occurrence  the  hiibnerite  is  purely  a  vein  mineral,  occurring 
in  a  ([uartz  or  ([uai-tz  and  fluorite  j/aague,  as  do  galena,  pyrite,  and 
othei-  ore  minerals  of  the  region. 

lied  and  Ban  do  mine. — The  adit  tunnel  of  this  mine  runs  in  an 

heastevly  direction  Into  Bomta  'M.owwV^xw,  Ixqwv  a  point  about  100  feet 

!k) ve  Cement  Creek.     Abo\\\)  '.^,0^^  ^^v^v  ol ^o\V  \v^  X^^^tsl ^i^\na  from 
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tliis  tunnel,  but  the  ore  could  not  be  made  to  pay  and  the  attempt 
was  abandoned.  The  workings  are  no  longer  accessible  and  the  lode 
was  not  seen.  The  Red  and  Bonita  mill  is  equipped  with  Gates 
crusher,  2  sets  of  rolls,  jigs,  10  stamps,  and  4  Frue  vanners. 

Queen  Anne  mine. — This  is  near  the  mouth  of  Ross  Basin,  on  a  lode 
which  herQ  consists  of  two  or  more  parallel  veins  close  together.  The 
one  worked  in  the  Queen  Anne  strikes  N.  50°  E.  and  dips  northwest  at 
85°.  It  consists  of  solid  bande<l  quartz  and  bismuthiferous  galena  ore 
up  to  2  feet  wide,  "  frozen"  to  the  walls.  Toward  the  southwest  the 
vein  pinches  and  carries  a  little  gouge.  It  could  not  be  traced  on  the 
surface  beyond  a  large  northwest-southeast  lode  which  passes  up  into 
Ross  Basin. 

Colutnbia  mine, — This,  one  of  the  oldest  mines  of  the  quadrangle, 
lies  just  northeast  of  the  Queen  Anne  and  is  apparently  on  the  same 
lode.  It  has  been  an  intermittent  producer  of  argentiferous  galena 
ore  on  a  small  scale. 

Ross  Basin  lodes. — There  is  at  present  no  mine  in  operation  in 
Ross  Basin,  and  none  of  the  developments  have  thus  far  passed  beyond 
the  prospecting  stage,  but  the  basin  is  traversed  by  several  lodes  of 
unusual  size  with  well-exposed  croppings.  The  most  prominent  one 
has  a  nearly  northwest  course  and  dips  southwest  at  80®.  It  outcrops 
boldly  along  the  northeast  side  of  the  basin,  especially  near  the  head 
of  the  latter,  where  it  passes  over  the  ridge  into  Sunnyside  Basin  and 
is  apparently  the  same  as  the  Greorge  Washington  lode.  Toward  the 
northwest  it  continues  probably  into  Grey  Copper  Gulch.  Some  ore, 
resembling  in  mineralogical  character  that  found  in  Sunnyside  Basin, 
but  apparently  in  irregular  bunches,  occurs  in  this  huge  lode,  which 
is  often  over  50  feet  wide.  Several  other  lodes  with  nearly  northeast 
courses  come  into  the  main  lode  from  the  southwest,  but  can  not  as  a 
rule  be  traced  on  the  surface  to  the  northeast.  The  lodes  shown  on 
the  mai)  are  only  a  few  of  those  which  traverse  the  floor  of  the  basin 
in  various  directions,  although  most  of  them  have  a  northeast  trend. 
They  are  not  all  of  great  length,  for  one  vein  often  stops  short  at  the 
junction  with  a  second  vein  of  different  coui'se.  In  one  case  two  well- 
exposed,  strong  quartz  veins,  one  striking  southwest  and  the  other  S. 
80°  W.,come  together  in  a  massive  cropping  of  quartz,  beyond  which 
there  is  no  surficial  sign  of  the  continuation  of  either  lode.  Distinct 
evidence  of  one  hnle  faulting  another  could  not  be  obtained.  They 
are  apparently  all  of  substantially  the  same  age.  The  fissure  fillings 
are  usually  solid  white  quartz  with  a  little  rhodonite  and  bunches  of 
low-grade  ore.  In  some  cases  the  lodes  contain  numerous  fragments 
of  altered  mineralized  country  rock. 

Henrietta  mine. — This  property,  in  Prospect  Gulch,  is  on  a  lode 
striking  S.  40°  W.  and  dipping  northwest  at  65°.  Three  tunnels  on 
the  south  side  of  the  gulch  give  access  to  the  workings,  while  a  fourth 
tunnel,  destined  to  be  the  future  main  adit,  is  being  driven  to  tha 
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westward  to  int^veet  the  lode  from  a  iN»int  aboat  150  llMi  alioflra  fte 
qpttom  of  the  gateh.  All  tiie  worldngB  m^  in  andesltie  i«Mdc8y  chie^jr 
l^feodas,  of  the  Snrerton  aeries.  The  ore  ooenrs  in  a  braeoiatod  acme 
which  is  nsnally  from  3  to  S  feet  wide.  The  hanging  ^nd  foot  walk 
are  well  defined  by  planes  of  recent  slipping,  that  on  the  haiiging 
wall  beli^(  eq>ecially  regnlM  and  continnons.  These  slip  pianes  nso- 
ally  contain  a  little  soft  gouge.  Between  these  walln  the  ore  oceurs 
in  stringers  and  bunches,  parti}'  replaeui*?  the  shatten^d  omintry  rock 
included  within  the  breccia  sone.  ll  cxmsist^  of  py  rite  anil  ehaleopy- 
rite  and  occasionally  a  little  galeua,  Pyrite  m  very  abundant,  oeeur 
riBgr  Itisollct  in  asaes,  which,  however,  are  not  minod  unless  they  eontjiin 
chakopyrite.  Next  the  hanging  wall  there  is  a  persmUmt  seam,  some- 
times a  foot  in  width,  which  consists  of  crushed  country  r*x?k  with 
sometime8  a  little  white  quarts.  This  portion  of  the  lode  is  worthlesg^s, 
although  a  little  sphalerite  and  let rahed rite  are  said  to  occur  in  the 
(juarts.  Ko  quturtz  was  seen  n^th  the  pay  ore.  The  lotle  is  not  every- 
where prcxluctive.  There  are  frequent  barren  intervals,  m  hero  tli€ 
spaee  between  tlie  walls  is  filled  i^ith  broken  and  altered  country  rack 
impregnated  with  pyrite*  The  wall  rock  is  imptegnatod  wllli  pgrrite 
for  at  lea^t  150  feet  frcnn  the  lode,  bnt  no  ore  is  ndned  <mlaida  of  tte 
walls  of  rhe  fissiire. 

The  oi<e  is  low  grade  as  a  whole,  containing  from  O.OBtoeil  ovaee 
of  gold  and  1 2  to  80  ounces  of  silver  ^  ton,  with  up  to  SO  per  owl 
of  copper.  In  1900  the  mine  was  reopened  after  some  3^ear8  of  idle- 
ness, and  it  was  proposed  to  treat  the  ore  in  a  new  smelter  then  near- 
ing  completion  at  the  point  where  Cement  Creek  enters  Bakers  Park. 

The  lowest  tunnel,  which  in  September,  1900,  had  a  length  of  aboat 
550  feet  and  had  not  yet  cut  the  lode,  exhibits  well  the  rather  remark- 
able mineralization  of  the  Silverton  breccias  in  this  vicinity.  All  the 
rock  passed  through  is  heavily  impregnated  with  fine  pyrite  and  fre- 
quently contains  small  sporadic  bunches  and  stringers  of  galena  and 
sphalerite.  In  some  places  the  andesitic  breccia  has  been  locally 
silicified. 

The  Henrietta  lode  is  of  theoretic  interest  from  the  fact  that  the 
ore,  in  its  freedom  from  quartz,  presence  of  kaolin,  and  partial  replace- 
ment of  country  rock,  as  well  as  in  mineralogical  character,  is  similar 
to  the  ores  occurring  in  the  stock  deposits  of  Red  Mountain.  At  the 
Henrietta,  however,  it  is  found,  not  in  stock,  but  in  a  distinct  fissure. 

Other  mines  and  prospects. — From  Prospect  Gulch  southward  to 
Silverton  are  many  prospects  along  Cement  Creek  and  in  the  side 
gulches.  None  of  them  are  yet  of  much  importance  and  not  all  were 
visited.  The  most  ambitious  of  these  is  the  Yukon  tunnel  of  the 
Boston  and  Silverton  Mining  Company.  No  ore  has  yet  been  pro- 
duced, but  the  tunnel  is  supplied  with  a  new  mill  equipped  with 
Blake  crusher,  rolls,  jigs,  10  stamps,  2  Wilfley  tables,  and  4  Frue 
vanners.     The  x)ower  is  steam. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washingion,  D.  C,  June  11,  1901, 
Sir:  I  have  the  honor  to  transmit  herewith,  for  publication  as  a 
bulletin,  a  gazetteer  of  Porto  Rico.     The  place  names  here  given  are 
derived  mainly  from  the  report  of  the  recent  census  of  the  island  and 
from  the  War  Department  map,  on  the  scale  of  1 :150,0(X). 

It  is  my  belief  that  the  publication  of  this  bulletin  will  go  far  toward 
preventing  conflicts  in  the  spelling  of  these  place  names. 
Very  respectfully, 

Henry  Gannett, 

Oeogra^her, 
Hon.  Charles  D.  Walcott, 

Director  U,  S.  Geological  Survey. 
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A  GAZETTEER  OF  PORTO  RICO. 


By  Henry  Gannett. 


INTRODUCTION. 

Porto  Rico  is  the  fourth  in  size  of  the  West  Indian  Islands,  being 
exceeded  by  Cuba,  Haiti,  and  Jamaica.  Its  area,  as  measured  from 
the  best  map  available — that  issued  in  1899  by  the  War  Department, 
on  a  scale  of  1:150,000 — is  3,600  square  miles.  There  is,  however, 
much  uncertainty  concerning  the  accuracy  of  these  figures,  as  the 
coast  line  of  the  island  has  never  been  carefully  surveyed.  It  lies 
east  of  Haiti,  between  latitudes  17°  50'  and  18°  30'  N.,  and  between 
longitudes  65°  30'  and  67°  15'  W. 

Under  the  jurisdiction  of  Porto  Rico,  as  a  colony  of  Spain  and  sub- 
sequently as  a  dependency  of  the  United  States,  are  included,  besides 
the  island  of  Porto  Rico,  the  small  islands  Vieques  and  Culebra  to 
the  east  and  Mona  to  the  west,  as  well  as  a  number  of  islets  adjacent 
to  the  coast. 

The  Indian  name  of  the  island  was  Borinquen.  The  name  Porto 
Rico  is  a  corruption  of  the  proper  name  Puerto  Rico,  and  is  the  form 
which  has  been  in  common  use  for  centuries  among  English-speaking 
nations;  the  form  Puerto  Rico  (rich  harbor)  being  that  in  use  by  the 
residents  of  the  island,  by  all  Spanish-speaking  peoples,  and  generally 
by  other  nations.  The  United  States  Board  on  Geographic  Names, 
pursuing  its  principle  of  following  local  usage,  adopted  this  form 
several  years  ago.  Since  the  acquisition  of  the  island  by  the  United 
States,  usage,  even  in  the  publications  of  the  United  States  Govern- 
ment, became  divided,  some  of  them  following  the  above  decision, 
others  using  the  form  Porto  Rico.  In  this  condition  of  affairs,  the 
Board  appealed  to  the  President  of  the  United  States  for  a  decision, 
and  the  President  decided  in  favor  of  Puerto  Rico.  Subsequently, 
however,  in  the  Foraker  bill  for  the  government  of  Porto  Rico,  a 
clause  was  incorporated  providing  that  the  name  be  Porto  Rico.  This 
bill,  agreed  to  by  both  Houses  of  Congress  and  signed  by  the  Presi- 
dent, became  law,  and  thus  established  the  spelling  of  the  name. 

Porto  Rico  is  roughly  rectangular  in  shape,  with  a  length  from  east 

7 


A    QAZMTKKR   OF   PORTO    RICO.  Imm^lSL 

to  went  of  ttboiit  UXl  mx\i*s  aiitl  a  hrojuUh  of  alKUit  35  miles*  ItB  coast 
line  18  Hijnplp,  with  few  pKjd  hfirboiiH,  that,  of  Sjtn  Juan,  the  eai*ital, 
on  the  north  couMt.,  I>eui^  the  l)e.st.  The  islan<l  U  traversi^d  through  it^^ 
length  by  n  range  of  liilKs,  whif*h,  starting  at  the  northwest  corner^ 
BwingB  in  a  l»ri*ml  curve  southeast,  th<*n  east,  and  finally  northeast  to 
the  northeai^t  corner.  Thiw  range  forni*^  tlit*  nmln  watersht^d  of  the 
island,  and  througliont  most  of  its  extent  lie.s  j^outli  of  the  middle  of 
the  ieland;  giving  longer  eo arses,  gentler  slopes,  and  greater  drainaj^'%} 
basing  to  the  northward-flowing  streams,  those  flowing  south  having 
steep  dej^cents  and  shoil.  courses.  These  liills  range  in  height  from 
2,000  feet  in  the  gaps  to  3,800  feet  on  tlie  highest  summits,  the  most  el<^> 
vated  point  in  the  island  being  El  Yunqne,  at  the  northeast  extremity 
of  the  range.  Tliese  hills  have  eonsidenible  breadth,  and  lAithin  them 
the  streams  have  cut  deep  valleys,  giving  to  most  of  the  island  a  st^^p, 
hilly  surface,  Tlie  coasts  are  in  most  partes  l>ordered  by  broad  extents 
of  loWj  level  lands. 

None  of  the  streams  are  navigable  except  for  a  mile  or  two  near 
their  months,  whei-e  they  are,  in  eiTeet,  estuaries, 

M(*st  of  the  area  of  Porto  Rico  lia8  for  eentiiricf!*  Ix^en  divided  into 
farniM,  and  more  than  one4ifth  of  the  iMhuifl  is  uniler  cultivation; 
hence  th*^  fores  toil  ai-eas  are  few  and  small  and  *>f  little  importance, 
TImlmr  is  very  scarce  and  most  of  that  used  in  building  is  imported. 

Lying  williin  fli''  'I'rojiies,  J*orto  Hico  is  wilbin  (he  region  of  tde 
northeast  trade  winds.  The  annual  temperature  at  San  Juan,  on  the 
north  coast,  ranges  from  78°  to  82°.  The  range  of  monthly  tempera- 
ture is  from  75°  in  January  to  82°  in  August,  while  the  maximum 
temperature  on  record  is  99°  and  the  minimum  is  57°,  indicating  a 
very  uniform  climate.  On  the  hills  of  the  interior  the  temperature  is, 
of  course,  lower.  The  annual  rainfall  at  San  Juan  is  60  inches,  and 
on  the  northeast  coast  is  greater,  reaching  100  inches,  while  in  the 
southern  part  of  the  island  it  is  much  less,  so  much  so  that  in  some 
localities  irrigation  is  necessary  for  the  cultivation  of  crops. 

Porto  Rico  is  divided,  for  governmental  purposes,  into  7  depart- 
ments and  G9  municipal  districts  or  terminos  munieipales.  These  in 
turn  are  subdivided  into  barrios. 

Discovered  by  Columbus  in  1493  and  visited  frequently  in  succeed- 
ing years,  the  island  was  not  colonized  by  the  Spaniards  until  1509,  w  hen 
San  Juan,  at  first  called  Caprera  and  later  Puerto  Rico,  was  founded 
and  possession  was  taken  of  the  entire  island.  In  1597  it  was  captured 
by  the  English,  who,  however,  soon  withdrew,  and  from  that  time 
until  possession  was  taken  by  this  country  in  1898  Spain  has  held  the 
island,  although  several  attempts  have  been  made  upon  it  by  the 
forces  of  various  countries.  During  all  this  period  Porto  Rico  has 
been  free  from  internal  dissensions,  such  as  have  repeatedly  wasted 
the  neighboring  island  of  Cuba. 
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The  population  of  Porto  Rico  in  1899  wa^  little  short  of  a  million — 
95.}, 243.     The  following  table  gives  the  population  at  various  periods: 


Year. 

Population. 

Rate  of  in- 
crease per 
decade. 

1765 

44,883 
70,250 
155,426 
220,892 
830.051 
447,914 
583,808 
781,648 
798,565 
958,248 

Percent, 

1775 

57 

1800. 

1815 

37 
26 

1882 

27 

1846 

24 

1860 

21 

1877 

14 

1889 

09 

1899 

16 

The  density  of  population,  or  the  number  of  inhabitants  to  a  square 
mile,  was  in  1899,  264.  The  island  is  very  thickly  populated,  especially 
when  one  considers  that  nearly  all  the  population  is  rural.  Few  of 
the  States  of  this  country  are  as  densely  populated. 

The  following  table  gives  the  area,  population,  and  density,  by 
departments,  in  1899. 


Departments. 


Aqnadilla . 
Arecibo . . . 
Bayamon  . 
Guayama . 
Hniuacao  . 
Mayagnez. 
Ponce 


Area.      '  Population. ;  DH**?«' 


_l_ 


S^tiare  miles. 
240 
621 
542 
561 
418 
407 


99,645 
162,308 
160, 046 
111,986 

88,501 
127,566 
208, 191 


population. 


415 
261 
295 
200 
214 
813 
247 


The  urban  population  forms  but  a  small  element,  there  being  but 
four  cities  of  more  than  8,000  inhabitants  each — San  Juan,  the  capi- 
tal, with  32,048;  Ponce,  on  the  south  coast,  27,952;  Mayaguez,  on  the 
west  coast,  15,187,  and  Arecibo,  8,008.  These  cities  had  a  combined 
population  of  83,195,  or  only  8.7  per  cent  of  the  tot-al  population. 

In  respect  to  sex,  females  outnumbered  males  by  8,721  only,  the 
proportions  being  49.5  per  cent  males  and  50.5  per  cent  females. 

As  to  race,  there  were  589,426  whites  and '363,817  colored,  or  61.8 
per  cent  white  and  38.2  per  cent  colored.  These  proportions  have 
differed  greatly  at  different  times  in  the  past,  the  colored  having  in 
early  days  been  in  the  majority,  as  may  be  seen  bj^  the  following 
table. 
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Ymt. 

9iieeBli«»oi- 

WUla. 

OolomL 

1808 

48 

46.8 

41.4 

48.7 
60.1 
68.8 
61.6 
66.8 
68.6 
61.8 

63 

181S 

68.8 

1^ : , 

66.6 

1887      ^... 

60.8 

1880 

M.8 

1886.... 

47.1 

I860 

48.6 

1877 

48.7 

1887 , 

40.6 

1880 ;. 

88.8 

Of  the  total  colored  in  1899, 88.6  per  cent  were  repcnrted  as  of  mixed 
wMte  and  negro  blood,  only  16.4  per  eent  being  pure  tubgroeB. 

The  following  table  shows  the  distribntion,  by  peroentages,  of  the 
white  and  colored  in  the  seven  departments. 


AqoadiUa 
▲redbo.  . 
MaysguM 
Pdnce  — 
Goayama. 
Bayamon . 
Hnmacao. 


The  colored  are  more  numerous  proportionally  in  the  eastern  than 
in  the  western  part  of  the  island,  and  more  numerous  near  the  sea- 
coast  than  in  the  interior. 

At  the  time  of  its  discovery  the  island  was  well  populated  by  Indians, 
who  were  promptly  subjugated  and  enslaved  by  the  Spaniards.  Harsh 
treatment,  labor,  and  disease  rapidly  reduced  theii*  numbers,  so  that 
by  1543  they  were  practically  exterminated,  and  at  the  present  time 
no  trace  of  Indian  blood  is  to  be  found  in  the  island. 

With  the  diminution  in  number  of  Indian  slaves  negro  slaves  began 
to  be  introduced,  and  throughout  the  eighteenth  century  and  three- 
fourths  of  the  nineteenth  the  slave  trade  was  actively  prosecuted,  and 
ceased  only  about  1873,  in  which  year  negro  slavery  was  abolished. 

The  number  of  foreign  born  was  13,872,  or  only  1.5  per  cent  of  the 
population.  More  than  half  of  these  were  of  Spanish  birth,  and  43  per 
cent  of  them  were  found  in  the  three  largest  cities. 

As  to  conjugal  condition,  69.7  per  cent  of  the  people  were  single; 
16.6  per  cent  were  married ;  8. 8  per  cent  were  living  together  by  m utual 
consent,  having  waived,  mainly  on  account  of  its  expense,  the  cere- 
mony of  marriage,  and  4.9  per  cent  were  widowed.  The  proportion 
of  the  single  was  very  large,  and  that  of  the  married,  even  if  those 
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living  together  by  mutual  consent  be  included,  was  very  small.  In 
part  this  may  be  accounted  for  by  the  fact,  established  by  the  census, 
that  the  proportion  of  children  was  very  large  and  that  of  adults  cor- 
respondingly small.     There  are  few  aged  persons  in  the  island. 

Of  the  total  population,  only  16.6  per  cent,  or  one-sixth,  were  able 
to  read.  The  proportion  was  much  greater  in  the  large  cities  than  in 
the  rural  districts,  and  was  much  larger  among  the  whites  than  the 
colored. 

The  i)ersons  engaged  in  gainful  occupations  were  33.1  per  cent  of 
the  total  population,  a  proportion  somewhat  smaller  than  in  the  United 
States.  This  may  probably  be  accounted  for  by  the  greater  propor- 
tion of  children  in  Porto  Rico.  Of  the  males,  56.9  per  cent  were 
breadwinners;  of  the  females,  only  9.9  per  cent.  Classifying  the 
breadwinners  by  groups  of  occupations,  it  appears  that  62.8  per  cent 
of  them  were  engaged  in  agriculture,  20.5  per  cent  in  personal  and 
domestic  service,  8.4  per  cent  in  manufactures,  7.6  per  cent  in  trade 
and  transportation,  and  0.7  per  cent  in  the  professions.  Tlie  leading 
occupation,  in  which  more  than  two-thirds  of  the  breadwinners  were 
engaged,  was  that  of  labor. 

Of  the  entire  area  of  Porto  Rico,  3,606  square  milas,  including  the 
adjacent  islands,  2,743  square  miles  were,  in  1899,  included  within 
farms.  This  is  76  per  cent  of  the  area.  The  land  under  cultivation 
was  747  square  miles,  or  21  per  cent  of  the  total  area,  a  proportion 
larger  than  that  cultivated  in  the  United  States,  and  yet  a  small  pro- 
portion when  one  considers  the  density  of  the  population  and  the  fact 
that  it  is  almost  entirely  rural.  There  were  39,021  farms,  with  an 
average  area  of  only  45  acres  and  an  average  cultivated  area  of  but 
12  acres.  In  the  United  States  the  average  area  under  cultivation 
per  farm  in  1890  was  78  acres.  Ownership  of  farms  was  almost  uni- 
versal, not  less  than  93  per  cent  of  the  farms  and  91  per  cent  of  the 
farm  area  being  owned  by  their  occupants.  The  farms  owned  by 
whites  were,  as  a  rule,  larger  than  those  owned  by  the  colored. 

The  leading  farm  product  of  Porto  Rico  is  coffee,  which  was  planted 
upon  not  less  than  41  per  cent  of  the  total  cultivated  area.  While 
coffee  was  produced  in  all  parts  of  the  island,  its  culture  is  more  gen- 
eral in  the  hilly  central  and  western  parts.  Sugar  cane  holds  second 
rank  as  a  product,  occupying  15  per  cent  of  the  cultivated  lands,  its 
area  of  cultivation  being  mainly  the  coast  lands  all  around  the  island. 
Bananas  occupied  14  per  cent  of  the  cultivated  land;  sweet  potatoes, 
8  per  cent;  Indian  corn,  4  per  cent;  rice,  2  per  cent;  cocoanuts,  2  per 
cent,  and  tobacco  only  1  per  cent  of  the  cultivated  land. 

Manufactures  are  few  and  of  trifling  importance.  No  mining  of 
any  kind  is  at  present  carried  on  in  the  island,  although  in  times  past 
valuable  gold  placers  were  worked  by  the  Spaniards.  It  is  by  no 
means  improbable  that  thorough  prospecting  may  develop  valuable 
mineral  resources  hitherto  unsuspected. 


Means  of  interijiU  eoiiimunicatiou  are  v^ry  M-anty.  There  are  Alt4>* 
gather  150  mi  lee  of  lailnmd  in  the  inland,  but  they  art!  in  diiiei>iiii<^eti>d 
jjiecew  and  elosely  parallel  I  lie  eoas!.,  none  extend ing  into  the  interior. 
There  m  unt?  j^nkhI  wa^on  road  extending  aeross  the  island  from  San 
Juan  to  Cayey  and  thenee  to  Ponce,  mth  a  branch  rrom  Cayey  to 
(TUB^^ania,  and  ftliort  roads  in  other  directions,  the  total  length  of  good 
roatls  in  the  island  iK*ing  aljout  3H5  miles.  These  were  built  by  the 
Spanish  anthorities  lor  military  purposes.  Aside  from  these,  the 
so-called  roads*  of  the  ieland  are  mei*e  trails*,  few  of  them  passable  for 
wheeled  vehicles  at  any  time,  and  commonly  only  for  £^dle  animals 
or  foot  travel. 

As  a  re.*§nlt  of  this  condition,  internal  trade  is  verj^  small  in  volume 
and  i&  confined  mainly  to  the  coast  line.  Indeed,  there  are  few  civi- 
Hased  communities  whose  individuals  are  so  nearly  isolated  and  have 
so  tittle  intercomtnunieation  a^  thig. 

In  1897  the  total  aftsesiied  value  of  proj^erty  was  $28,867,928,  and 
the  true  value  waHes^timat^^d  tt^  be  S150,LXKJ,0(X),  or  about  1170  per  capita 
-Ol  the  population.  The  average  tier  capita  wealth  of  the  people  of  the 
EUnited  States  is  estimated  to  be  in  excess  of  $1,000,  a  comparison 
r  which  Bpeak^  volumoy  euneerning  the  poverty  of  the  people  of  ¥*orto 
I  Rico,  The  mortgage  indebtedness  of  the  i>eople  in  1897  was  not  leas 
I  than  $18,610,000, 

In  1899  the  facilities  for  e<lncation  ennslsted,  in  the  main,  of  public 
8ehoolH.  Of  4t;7  schools  41:?  wivre  maintained  at  publie  exp^^nsc,  the 
remainder  being  private  schools.  All  the  schools  had  a  seating 
capacity  of  but  29,164.  The  number  of  teachers  was  623,  and  the 
number  of  pupils  in  attendance  was  27,018.  The  number  of  children 
attending  school  was  but  a  small  part  of  those  of  school  age.  The 
prevailing  religion  is,  of  course,  the  Catholic,  with  which  church  practi- 
cally all  the  population  are  connected. 


I 
I 


GAZETTEER 


Abra  Honda;  barrio  in  mnnicipal  district  Camny,  department  of  Arecibo.  Popu- 
lation 1^20. 

Abras;  barrio  in  mnnicipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 1,183. 

Aceituna;  barrio  in  municipal  district  Moca,  department  of  Aquadilla.  Popnl- 
tion  1,067. 

Aceituna,  Cerro;  mountains  in  western  part  of  department  of  Ponce. 

Achiote;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.  Popu- 
lation 1,094. 

Adjuntas;  municipal  district  in  department  of  Ponce.  Area  84  square  miles. 
Population  19,484. 

Adjuntas;  city  and  post-office  in  department  of  Ponce,  situated  in  the  moun- 
tains.   Population  1,963. 

Adjuntas,  Bio  de  Las;  a  right-hand  tributary  of  Rio  Guanajibo,  in  the  western 
part  of  the  Island. 

Afligidos,  Punta;  point  on  southern  coast  near  Guanica. 

Aguacate;  barrio  in  municipal  district  Aguadilla,  department  of  Ag^iadilla. 

Aguacate;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popu- 
lation 1,874. 

Agiiada;  municipal  district  in  the  department  of  Aguadilla.  Area  15  square 
miles.    Population  10,581. 

Aguada;  city  and  ix>st-office  near  the  coast  in  the  department  of  Aguadilla.  Popu- 
lation 1,135. 

Aguadilla;  a  department  occupying  the  northwestern  part  of  the  island.  Its  area 
is  240  square  miles  and  its  population  99,645.  The  number  of  inhabitants  to 
the  square  mile  is  415,  making  it  the  most  densely  settled  of  the  departments. 
The  population  consists  of  85.6  per  cent  whites  and  14.4  per  cent  colored,  the 
proportion  of  colored  being  smaller  in  this  department  than  in  any  other.  The 
cultivated  area  constitutes  not  less  than  o5  per  cent  of  the  total  area  of  the 
department,  and  of  this  cultivated  area  not  less  than  43  per  cent  is  planted  in 
coffee  trees.  Of  the  total  farm  area  93  per  cent  is  owned  by  its  occupants  and 
only  7  i)er  cent  is  rented. 

Aguadilla;  municipal  district  in  department  of  Aguadilla.  Area  34  square 
miles.    Population  17,830. 

Aguadilla;  coast  city  and  post-office  in  department  of  Aguadilla.  Population 
6,425. 

Aguas  Blancas;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Pop- 
ulation 1,170. 

Aguas  Buenas;  municipal  district  in  department  of  Guayama.  Area  31  square 
miles.    Population  7.977. 

Aguas  Buenas;  interior  city  and  post-office,  department  of  Guayama.  Popula- 
tion 1,309. 

Aguerre,  Puerto  de;  harl)or  on  southern  coast. 

Aguila,  Punta  del;  the  southwest  point  of  the  island. 

Aguirre;  barrio  in  municipal  district  Salinas,  department  of  Guayama.  Popu- 
Ution  1,291. 
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AgQstiiiy  Pnsta d«;  pdot onadrtli oottrt nesr  Bio Gsvadtt* 
Aib<mita;  btnio  in  mimlelpftl  dtotriot  8aa  SetMMli 

Popnlatioii  998. 
Aibonito;  xkitiiiicipal  district  In  d«psrtaa«Qt  of  Ponoe.    Arw  8S 

Populatioii  8,096. 
Aibonito;  oityttndpost^yffieei&^topMrfeBMntof  Boao^iitoslediftttoi 

Popnlatloii  d,066. 
Aibonito;  bwrio  in  mtmidiNa  district  Hatfllo,  depttrtoMBt  of  Aredba    Bopnla- 

tlon  1,808. 
AladolaPiodra;  bMrio  in  mnnidpftl  district  Bian 
Algarroba,  Pnnta;  |K)int  on  west  oosst 
Algarrobo;  bttvrio  In  mnniciiial  distrlet  Yogs  Btjs^  dspMrtmsnt  of 

Popolfttion  877. 
Algarrobo;  barrto  In  mnnic^pBl  district  OiisfMn»,do|p«rt8DStit  of  Gimi( 
Algarxobo;  barrio  in  mnnidpal  dktrict  liftysgnos,  dspMrtmsnt  of 

Popnlation  1,064. 
Algairrobo:  barrio  In  mnnic^  district  AiboaltOt  dapartwent  of  Poiioa» 
AlgazTobo,  Oerro;  bills  near  west  coast,  Mayagoaa  dislriot 
AlgazToboa;  barrio  in  mnnidpal  district  Yaooo,  dspat  imml  of  : 

tion958. 
Algodonaa,  Oayo;  idet  oflf  eastern  coast 
Algodonaa,  Bnaatlada;  bay  on  eastern  coast, 
Almacigo  Alto;  barrio  in  mvnic^  district  Taaoo»  < 
Almaeigo  Bi^o;  barrio  in  mnnici|ial  district  Yanoo,  departamtof  Boaoa.  Fopa- 

lation798. 
Almiraata  Horte;  barrio  in  mnnid^  district  Vega  BsJa^dapaatBMtti  of  B^f»- 

mon.    Popnlation  903. 
Almirante  Sur;  barrio  in  mnnicipal  district  V^^a  Baja,  department  of  Bajramon. 

Popolation  847. 
Altosano;  barrio  in  mnnicipal  district  San  Sebastian,  department  of  A^^nadilla. 
Alto  Songo;  barrio  in  mnnicipal  district  Las  Marias,  department  of  Mayagnes. 

Popnlation  885. 
Afiasco;  municipal  district  in  department  of  Mayagnez.    Area  43  sqnare  miles. 

Popnlation  13,311. 
Anasco;  city  in  department  of  Mayagnez.    Popnlation  3,488. 
Ailasco  Arriba;  barrio  in  municipal  district  of  A&asco,  department  of  Mayagnez. 
Afiasco  Abajo;  barrio  in  mnnicipal  district  Afiasco,  department  of  Mayagnez. 
Ancones;  barrio  in  municipal  district  Arroyo,  department  of  Qnayama. 
Ancones;  barrio  in  municipal  district  San  G^erman,  department  of  Mayagnez. 
Andreas  Ruiz,  Quebrada;  ravine  on  northern  coast  near  Qnebradillas. 
Angeles;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Popula- 
tion 2,456. 
Angeles,  Rio;  head  branch  of  Rio  Camuy,  in  Arecibo  department. 
Anon;  barrio  in  municipal  district  Ponce,  department  of  Ponce.     Popnlation 

1,734. 
Anones;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.    Popu- 
lation 1,420. 
Anones;  barrio  in  municipal  district  Las  Marias,  department  of  Majragnez. 

Population  1.251. 
Antiguo,  Puerto;  harbor  on  northern  coast  near  Qnebradillas. 
Anton  Ruiz;  barrio  in  municipal  district  Humacao,  deiMurtment  of  Hnmacao. 

Popjilation  987. 
Anton  Ruiz,  Rio:  a  small  stream  in  the  eastern  part  of  the  island. 
Apeadero;  barrio  in  municipal  district  Patillas,  department  of  Hmnacao. 
Aponte,  Cerro;  hills  in  department  of  Guayama. 
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Aquila,  Punta  del;  point  on  northwest  coast. 

Arecibo;  a  department  in  the  northern  part  of  the  island^  Ijring  west  of  Bayamon. 
Its  area  is  621  square  miles  and  the  population  102,808,  with  261  to  the  square 
mile.  As  to  race,  the  population  was  divided  in  the  proportion  of  77. 1  per  cent 
white  and  22.9  "per  cent  colored.  Of  the  total  area  25  per  cent,  or  one-fonrth, 
was  under  cultivation,  and  of  this  cultivated  area  50  per  cent  was  planted  in 
coffee.  Of  the  total  farm  area  97  per  cent,  or  very  nearly  all,  was  owned  by 
its  occupants,  only  3  per  cent  being  rented. 

Arecibo;  municipal  district  in  department  of  Arecibo.  Area  188  square  miles. 
Population  86,910. 

Arecibo;  coast  city  and  post-office  in  department  of  Arecibo.    Population  8,008. 

Arecibo,  Fondeadero  de;  anchorage  in  open  bay  of  same  name. 

Arecibo,  Bio  Qrande  de;  river,  heading  in  the  main  range  of  the  island  and  flow- 
ing north  to  northern  coast,  at  Arecibo.    Length  80  miles. 

Arenales;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 

Arenales  Altos;  bario  in  municipal  district  of  Isabela,  department  of  Aguadilla. 
Population  1,559. 

Arenales  Bajos;  barrio  in  municiiMJ  district  Isabela,  department  of  Aguadilla. 
Population  888. 

Arenas;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Arenas;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 1,577. 

Arenas,  Oayo;  islet  off  southern  coast. 

Arenas,  Punta;  point  on  southern  coast,  near  Salinas. 

Arenas,  Punta;  point  on  western  coast. 

Arenalejos;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popu- 
lation 1,228. 

Armuelas;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.  Popu- 
hition  1,010. 

Arrecifes  de  la  Oordillera;  islets  off  northeast  coast. 

Arroyo;  city  and  post-office  in  department  of  Guayama,  situated  near  the  coast. 
Population  2,187. 

Arroyo;  municipal  district  in  department  of  Guayama.  Area  22  square  miles. 
Population  4,867. 

Arroyo,  Bio  del;  a  small  stream  in  the  southeastern  part  of  the  island. 

Arrozal;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popula- 
tion 1,662. 

Asomante;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Asomante;  barrio  in  municipal  district -Aguada,  department  of  Aguadilla. 

Asomante,  Cerro;  hills  in  southeastern  part  of  department  of  Bayamon. 

Asomante,  Cerro;  hills  near  Humacao. 

Atalaya;  barrio  in  municipal  district  Rincon,  department  of  Aguadilla. 

Atalaya;  barrio  in  municipal  district  Aguada,  department  of  Agruadilla. 

A  villas,  Cerro;  hills  in  southwest  part  of  department  of  Ponce. 

Avispas,  Cerro;  hills  near  Guayama. 

Bahomamey ;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Bairoa;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guayama. 

Bairoa;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 

Bairo,  Bio;  a  left-hand  branch  of  Loiza  River. 

Bajo;  barrio  in  municipal  district  Patillas.  department  of  Humacao. 

Bajo,  Punta  del;  point  on  southeastern  coast. 

Bajura;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez.  Popu- 
lation 1,218. 

Bajura;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popula- 
tion 647. 
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Bajura:  barrio  in  municipal  diatrict  Yega  Alta.  detmrtrnant  of  Bayaiocm.     Po*pQ- 
latioii  74fi, 

Bajura  Adentra;  barrio  in  innEiicipal  district  Maniiti.  department  of  Aredbo^ 
PopnlationeHL 

Bajura  Afuera^  barrio  in  municipal  district  Manuti,  department  of  Areeiha 
Population  7SR, 

Ballaja;  l^arrio  iu  municipal  district  Ban  J  nan,  department  of  Bayamon.  Popu- 
lation 1.217, 

Ballena,  Ensenada  de;  barbor  on  southern  coast,  ne^r  (in&nica. 

Bandera,  Cerro  de  la;  hiUa  near  Hcmaeao, 

Bandera^  Pnnta  de  la;  point  on  northeaal  coasat.  near  Lnqntllo. 

Barahona:  barrio  in  mnuioipal  district  Morovis.  dei»artment  of  Arecibo-  Popu- 
lation 854, 

Barceloueta:  municipal  district  in  dettartment  of  Arecibo.  Area  48  aqnai^milefl. 
Population  y.357. 

Barcelonets:  city  and  poet-oflflce  in  de^partraent  of  Arecibo,  Bitnated  near  the 
coaflt.     Population  1,459. 

Barceloneta;  barrio  in  municipal  district  Barceloneta.  d@(>Brtment  *»f  Ai^*citJO. 
Population  1,451}, 

Barinaa:  barrio  in  municipal  district  Yauco.  de^iartmant  of  Pouce,  Popnlatioii 
1,483. 

Barraces.  Punta;  point  at  entrance  to  Guayanilb*  Harbor,  on  southern  coaat. 

Barrancas;  barrio  in  municipal  dJatiict  Bfirranquitas,  department  of  Fonci?, 
Population  mi2. 

Barrancas,  Punta  de;  point  on  eastern  coast. 

Barraneaa,  Pnnta;  point  on  south  era  coast,  near  Guayama. 

Barranquitaa;  mtmicipal  dietrint  in  department  of  Ponce.  Area  48  square  miliB. 
Population  8,10a, 

Barranquitas;  poet  village  in  department  of  Ponce. 

Barreal;  barrio  in  municipal  district  Pennelas,  department  of  Ponce.  Popula- 
tion 922. 

Barrero;  barrio  in  municipal  district  Gnayanillo,  department  of  Ponce. 

Barvos;  municipal  district  in  department  of  Ponce.  Area  76  square  miles.  Pop- 
ulation 14,845. 

Barros;  post  village  in  department  of  Ponce. 

Barros:  barrio  in  municipal  district  Barros,  department  of  Ponce.  Popolation 
987. 

Bartolo;  barrio  in  municipal  district  Lares,  department  of  Agnadilla.  Popula- 
tion 2,085. 

Batato,  Cayo;  islet  off  southeastern  coast. 

Bateria,  Punta  de  la;  point  on  eastern  coast,  near  Fajardo. 

Bateyes;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.  Pop- 
lation  1,019. 

Baucal,  Cerro;  hills  near  Penuelas,  department  of  Ponce. 

Bauta  Abajo;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Popu- 
lation 1,603. 

Bauta  Arriba;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Bauta,  Rio;  head  branch  of  Manati  River  in  department  of  Arecibo. 

Bayamon;  a  department  occupying  part  of  the  northern  portion  of  the  island. 
Its  area  is  542  square  miles  and  its  population  160,046.  The  density  of  pop- 
ulation is  295  per  square  mile.  As  to  race,  the  population  was  divided  in 
proportion  of  48.9  percent  white  and  51.1  percent  colored,  the  latter  being 
slightly  in  excess.  Of  the  total  area  13  per  cent  was  under  cnltivation,  and  of 
this  cultivated  area  27  per  cent  was  planted  in  sugar  cane  and  20  per  cent  in 
coffee.  Of  the  total  farm  area  81  per  cent  was  owned  by  its  oocnpants  and  19 
per  cent  rented. 
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-  Bayamon;  mnnioipal  district  in  department  of  Bayamon.  Area  77  sqnare  miles. 
Popnlation  19,940. 

Bayamon:  city  and  post-office  in  department  of  Bayamon,  situated  near  the  coast. 
Popnlation  2,218. 

Bayamon;  barrio  in  municipal  district  Cidra,  department  of  Gnayama. 

Bayamon,  Rio:  river  heading  near  Agnas  Buenas,  and  flowing  north  to  its  mouth 
near  San  Juan.    Length  25  miles. 

Bayamoncito;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guay- 
ama.    Population  76o. 

Bayamoncito,  Rio;  the  head  stream  of  Bayamon  River. 

Bayaney;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Popula- 
tion 1,394. 

Beatriz;  barrio  in  municipal  district  Caguas,  department  of  Guayama.  Popula- 
tion 868. 

Beatriz:  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Beatriz;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Bejucos;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popula- 
tion 1,257. 

Benavente;  barrio  in  municipal  district  Hormigueros.  department  of  Mayagnez. 

Berberia,  Cayos  de;  Islets  off  southern  coast  near  Santa  Isabel. 

Bermeja,  Punta;  point  on  southern  coast  near  Guanica. 

Bermejales;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Popula* 
tion  1,317. 

Bibiana,  Cerro;  mountains  near  Hato  Grande. 

Blanco,  Cerro;  hills  in  department  of  Ponce. 

Blanco,  Rio;  a  river  of  the  northwestern  part  of  the  island,  heading  ui  the  moun- 
tains.   Length  36  miles. 

Blanco,  Rio:  a  small  stream  in  the  eastern  part  of  the  island. 

Boca:  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Boca:  barrio  in  municipal  district  Santa  Isabel,  department  of  Ponce. 

Boqueron:  barrio  in  municipal  district  Piedras,  department  of  Humacao. 

Boqueron;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayagnez. 
Population  1,185. 

Boqueron,  Punta  del;  Point  on  northwestern  coast. 

Boqueron,  Enseflada  del;  harbor  on  southwestern  coast. 

Boqueron,  El;  island  off  northern  coast,  near  San  Juan. 

Boquillas,  Punta  de  las;  point  on  northern  coast  nearManati. 

Borassa  Alto;  barno  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  889. 

Borassa  Bajo;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  764. 

Borinquen:  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  1,271. 

Borinquen;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 

Borinquen,  Punta;  point  on  northwest  coast. 

Botijas;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Population 
891. 

Bramadero,  Punta;  point  on  western  coast. 

Brea,  Punta  de  la;  point  on  southern  coast  near  Guanica. 

Brenas,  Punta  de  las;  point  on  northern  coast  near  Vega  Baja. 

Brusi,  Peilon  de;  point  on  northern  coast  near  Camuy. 

Bucana-Vayas:  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popn- 
lation 1,315. 

Bucana,  Rio;  a  small  stream  in  the  southern  part  of  the  island. 

Bull.  183—01 2 
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BueMrabcmM;  barrio  In  miiidoipaldislarlet  Las  Marias,  < 
PopnlftHon  761. 

Bucarabonea;  barrio  in  mimiDiiMil  dialrlct  Maricao,  departanant  of 
Popnlatioii  1,854. 

Bucarabonea,  Bio;  a  left-band  tribntarjLto  Bio  Blanco  in  the  noctbweat 

Bncaraboneay  Sierra;  monntaina  in  eaafeem  part  of  Hayagnei  departnuent. 

Buenoa  Airea;  barrio  in  municipal  diatrJetLarea,  department  of  AgnadiHa.    Pop- 
ulalaonl.4^. 

Buenoa  Airea,  Ouchilla  de;  short  mountain  range  in  northwestern  part  of  depart- 
ment of  Ponce. 

Buena  Viata;  barrio  in  municipal  district  Bayamon,  department  of  BaTamoo. 
Population  1,038. 

Buena  Viata;  barrio  in  municipal  district  Humacao,  department  of  Hnmaoaa 
Population  985. 

Buena  Viata;  barrio  in  municipal  district  Laa  Mariaa,  department  of  MaTagnea. 
Population  1,130. 

Buena  Viata,  Cerro;  hills  in  AfSaaco  district,  in  the  western  part  of  the  island. 

Buena  Viata,  Cerro;  hills  in  department  of  Guayama. 

Bur<mea,  Ctorro;  hois  in  department  of  Ponce. 

Oabagaa,«0abo;  Northeast  cape  of  island. 

Oabeaas;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Oabesa  Ohiquita;  headland  on  nortbeaat  coast  near  Fajardo. 

Oabesade  Pifieiro;  point  on  island  of  same  name  off  east  coast 

Oabo  Oaribe;  barrio  in  municipal  district  Vega  Baja,  department  of  BajamoB. 
Population  377. 

Oabo  Bcjo;  municipal  district  in  department  of  Mayagnez.    Area  55  aquare  milea. 
Population  16,154. 

Oabo  Bojo;  city  and  post-ofBce,  in  department  of  Mayagnez,  situated  near  the 
coast.    Population  2,744. 

Cabra,  Isla;  island  at  entrance  of  San  Joan  Harbor. 

Cabra  de  Tierra;  point  at  entrance  to  Hondo  Ensefiada,  on  eastern  coast. 

Cabras,  Isla;  island  off  eastern  coast. 

Cabrillon,  Funta;  point  on  southern  coast  near  Ponce. 

Cabrita,  Isla;  small  island  at  entrance  of  San  Juan  Harbor. 

Cabritas,  Isla;  island  off  eastern  coast. 

Cabro,  Gerros  del;  mountains  in  department  of  Guayama. 

Cacao;  barrio  in  municipal  district  Carolina,  department  of  Bayamon.     Popula- 
tion 1,225. 

Cacao  Alto;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Cacao  Bajo;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Cacaos;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Cacaos;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo.     Popu- 
lation 1,066. 

Caguabo;  barrio  in  municipal  district  Ailasco.  department  of  Mayaguez. 

Caguana;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.     Popula- 
tion 2,555. 

Caguas:  municipal  district  in  department  of  Guayama.     Area  60  BC]^uare  miles; 
population  19,857. 

Caguas;  interior  city  and  post-office  in  department  of  Guayama.     Population 
5,450. 

Caguitas:  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guayama. 
Population  856. 

Caguitas,  Rio;  a  left-hand  branch  of  Loiza  River. 

Caimital;  barrio  in  municipal  district  Guayama,  department  of  Guayama.     Pop- 
ulation 603. 
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iaixnital  Alto:  barrio  in  manicipal  district  AKnsdilla,  department  of  Agnadilla. 
.=—  iaimital  Bajo;  barrio  in  mnnicipal  district  Agnadilla,  department  of  Agnadilla. 

Popnlation  943. 
_^  Jaimito;  barrio  in  municipal  district  Jnncos,  department  of  Gnayama. 

ZJaixnito;  barrio  in  manicipal  district  Yauco.  department  of  Ponce, 
l^aimito  Alto;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 

Popnlation  779. 
_  Caimito  Bajo;  barrio  in  mnnicipal  district  Rio  Piedras,  department  of  Bayamon. 
Popnlation  927. 

Cain  Alto;  barrio  in  mnnicipal  district  San  German,  department  of  Mayagnez. 
Popnlation  1,643. 

Cain  Bajo;  barrio  in  manicipal  district  San  German,  department  of  Mayagnez. 
Popnlation  942. 

Cain,  Rio  de;  a  right-hand  branch  of  Rio  Guanajibo,  in  the  western  part  of  the 
island. 

Cain,  Sierra  de;  mountains  in  eastern  part  of  Mayagnez  department- 
'    Caja  de  Muertos;  island  and  barrio  in  municipal  district  Ponce,  department 
of  Ponce.     Popnlation  (»4. 

Calabazas;  barrio  in  municipal  district  San  Sebastian,  department  of  Agnadilla. 
Popnlation  746. 

Calabazas;   barrio   in    mnnicipal  district  Yabncoa,  department  of    Hnmacao. 
Popnlation  1,891. 

Calabeza,  Cerro:  liills  in  department  of  Gnayama. 
"      Calderon,  Sillas  de:  mountains  ui  western  part  of  department  of  Ponce. 

Caleta;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.    Popnla- 
tion 3,307. 

California;  barrio  in  mnnicipal  district  Aguada,  department  of  AguadiUa. 

Callado;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Callejones;  barrio  in  municipal  district  Lares,  department  of  Agnadilla.    Popn- 
lation 2,152. 

Calvache;  barrio  in  mnnicipal  district  Rincon,  department  of  Agnadilla.    Popn- 
lation 708. 

Calzada;  barrio  in  mnnicipal  district  Mannabo,  department  of  Humayao. 

Camarones;   barrio  in  mnnicipal  district  Bayamon,  department  of  Bayamon. 
Popnlation  620.  # 

Camaseyes;   barrio  in  municipal  district  Agnadilla,  department  of  Agnadilla. 
Population  1,633. 

Cambalache;  barrio  in  mnnicipal  department  Arecibo.  department  of  Arecibo. 
Population  470. 

Camino  Nuevo:  barrio  in  municipal  district  Yabncoa,  department  of  Humacao. 
Population  l,43o. 

Camuy;  municipal  district  in  department  of  Arecibo.     Area  44   sqnare  miles; 
population  10,887. 

Camuy;  coast  town  and  post-ofiSce  in  department  of  Arecibo. 

Camuy;  barrio  in  mnnicipal  district  Camuy,  department  of  Arecibo.     Popnla- 
tion 989. 

Camuy,  Rio:  river  in  western  part  of  Arecibo;  flows  north  to  north  coast,  between 
Camuy  and  Hatillo.     Length  18  miles. 

Canabon ;  barrio  in  municipal  district  Cagnae,  department  of  Gnayama.    Popn- 
lation 1,309. 

CaAabon;  barrio  in  municipal  district  Barrancinitas,  department  of  Ponce.    Popu- 
lation 1,117. 

Caflaboncito:  barrio  in  municipal  district  Caguas,  department  of  Gnayama. 
Popnlation  1,400. 
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OafiAa;  barrio  in  mtmiolpal  diitrict  Ponce,  departnient  of  Ponco.  PopalatJoti 
2,680. 

Ca£ka«,  ]&io;  Hi  l@ft-hand  branch  of  Hio  Bl^uico,  in  the  northwest. 

CaflaAf  Bio:  a  small*  left-hand  branch  of  Hio  Cnlebrinas,  in  the  nortbwest. 

Oailae^  Kio;  a  stream  in  the  eon  them  part  of  the  islancl. 

Cadas,  Bio;  a  left^haod  bmneb  of  Loiza  Eiver, 

Candaiaria;  barrio  in  municipal  dietrjct  Lajan,  dap&rtinent  of  Ma^agnez,  Popu- 
lation 1»008. 

Candfilaria;  barrio  in  innnicipal  district  Mayiigue/.,  department  of  Majragn^E. 
Population  2,601^ 

Gandelaria;  barrio  in  municipal  district  Toa  Bajat  de;>artment  of  Baramon, 
Population  1,305. 

Gandelaria;  barrio  in  municipal  diitriet  Yega  AJta,  department  of  BaysmoD. 
Population  Stia, 

Oandelerp  Abajo;  barrio  in  municipal  district  Humacao,  department  of  Htiiaac^o. 
Population  S72, 

Gandelero  Arriba:  barrio  in  muuicipal  di strict  Hnmacao,  departmantof  Htuuacao. 
P< }pulation  8 ll .  ^^^^^^K^^^bik^ 

Ctauidelero,  Bio;  «  small  BfcreMn  in  tiie  MmthflMt 

Oandelero,  Pimta;  pcrint  on  8ontii«iurt0m  coast. 

Oangrejoa;  barrio  in  munictpal  distrkst  Gaxoliiia,  dflpartmsnt  of  BajamoiL 
Popnlatloii  807.  ^^h 

OangreJoSy  Punta;  point  on  luirthem  coast,  ea«it  of  Sari  Juan.      ^^^^ 

Oaniaco;  barrio  in  mtmicipAl  district  Utnado,  department  of  Arecibo,  Papula- 
tloii681. 

Oaaovanaa;  post  yiliaga  in  department  of  B^yaman, 

Oaaovanas;  barrio  in  nmnicipal  district  Loiza,  department  of  Bayamon.  Popu- 
lation 1,942. 

Canovanas,  Rio;  a  right-hand  branch  of  Loiza  River. 

Cantera;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
5,321. 

Cantera,  Cerro  de  la;  hills  in  department  of  Ponce. 

Caonillas;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Caonillas;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 2,378. 

Caonilla  Abajo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

I        Population  1,558. 

Caonilla  Arriba;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce 
Population  2,200. 

Capa;  barrio  in  municipal  district  Moca,  department  of  Agnadilla.     Population 

I        893. 

Capaes;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.     Population 

I         1,266. 

Capaez;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Population 
1,016. 

Capaez,  Cerro  de;  mountains  in  northwestern  part  of  Ponce  department. 

Capitanejo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.  Popu- 
lation 1,338. 

Capitanejo;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,161. 

Capo,  Ensenada:  harbor  on  southern  coast,  near  Santa  Isabel. 

Caracol:  barrio  in  municipal  district  Aitasco,  department  of  Mayaguez. 

Caracol,  Cerro;  hills  in  western  part  of  Mayaguez  department. 

Caracoles,  lala;  islet  off  southwest  coast. 

Caracoles,  ^unta,-,  point  on  north  shore,  east  of  Arecibo. 
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Caracoles,  Penas  de  las;  point  on  north  coast,  near  Hatillo. 

Carcel;  barrio  in  mnnicipal  district  Mayaguez,  department  of  Mayagnez.  Popu- 
lation 4,585. 

Carcuero,  Punta;  point  on  southern  coast,  near  Ponce. 

Cardona,  Isla;  islet  off  southern  coast,  near  Ponce,  on  which  is  a  light-house. 

Cariba,  Cayo;  islet  off  southern  coast 

Caribes,  Islas;  islands  off  southern  coast,  near  Guayauia. 

Carite;  barrio  in  municipal  district  Guayama,  department  of  Guayama.  Popu- 
lation 834. 

Carolina;  municipal  district  in  department  of  Bayamon.  Area  57  square  miles. 
Population  11,965. 

Carolina;  interior  city  and  post-office  in  department  of  Bayamon.  Population 
2,177. 

Carmen;  barrio  in  municipal  district  Guayama,  department  of  Guayama.  Pop- 
ulation 784. 

Carraiza;  barrio  in  municipal  district  Trujillo  Alto,  department  of  Bayamon. 
Population  1,159. 

Carrayos,  Ensenada;  harbor  on  southern  coast,  near  Santa  Isabel. 

Carrera;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popula- 
tion 676. 

Carreras;  barrio  in  municipal  district  Afiasco,  department  of  Mayaguez. 

Carrizal;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Carrizales;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Popu. 
lation  969. 

Cascajo,  Punta;  point  in  entrance  to  Ensenada  Honda,  on  eastern  coast. 

Casey,  Abajo;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 

Casey  Arriba;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 

Casey,  Rio;  a  left-hand  branch  of  Rio  Blanco,  in  the  northwestern  part  of  the 
island. 

Castillo,  Cerro  del;  hills  in  the  eastern  part  of  department  of  Bayamon. 

Cata,  Cerro  de;  hiUs  in  department  of  Ponce. 

Cataflo;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Popu- 
lation 2,331. 

Cata&o;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 

Catallo,  Punta;  point  separating  outer  and  inner  harbor  of  San  Juan,  on  north 
coast 

Catedral;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Pop- 
ulation 2,497. 

Caunilla,  Bio;  a  right-hand  tributary  of  Arecibo  River,  in  department  of  Arecibo. 

Cautagallos,  Punta;  point  on  northern  coast,  near  Manati. 

Cayaguas,  Bio;  a  head  branch  of  Loiza  River. 

Cay  ales;  barrio  in  mnnicipal  district  Coamo,  department  of  Ponce.  Population 
989. 

Cayey;  municipal  district  in  department  of  Guayama.  Area  90  square  miles. 
Population  14,442. 

Cayey;  interior  city  and  post-office  in  department  of  Guayama.    Population  3.763. 

Cayey.  Tetas  de;  mountains  in  eastern  part  of  department  of  Ponce. 

Cedrito;  barrio  in  municipal  district  Comerio,  department  of  Guayama. 

Cedro;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Cedro  Abajo:  barrio  in  municipal  district  Naranjito,  department  of  Bayamon. 
Population  977. 

Cedro  Arriba;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon. 
Population  915. 

Cedro,  Cerrodel;  hills  near  Cayey.  department  of  Guayama. 
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Oedxos;  barrio  in  miiiiicSp«l  distrlei  Oaroliiia,  ^topirtmeiit  of  Bafvmiau    Fopoltt- 

tlon  724. 
Oeiba;  barrio  in  mnnioipai  disbrict  Cidra,  departoiAnt  of  Ghuiyanuu 
Ctoiba;  barrio  in  monioipal  dirtriel  I^ardo,  departinmil  of  Hnmaoao. 
Cbiba;  barrio  in  mnnioipai  diaftriel  Vega  Baja,deparlni0nt  of  Bajami^    Poptt 

nlAtion409. 
Oaiba;  ooast  ci^  in  diBptattttiaat  of  Hnmacao.    Pdfmlation  1,814 

CMbaAlta;  hftgrki  in  mnniflipal  dintariftt  AginMillU,  iitij[ma4mMn±  ntf  Agw^^il^^, 

Oaiba  Bi^a;  barrio  in  mnnicipal  district  Agnadilla«  d^iartnMot  of  Agwai^iii^ 

Oaiba  Vorte;  barrio  in  mnnidpal  distriet  Jnnoos,  dq^artment  of  Qnayana. 

Oaiba  8nr:  barrio  in  mnnicipal  district  Jnncoa,  dapartmant  of  GNiayaauL 

Ofljaa;  barrio  in  mnnicipal  district  Cknnerio,  department  of  Qnayama. 

Oalada;  barrio  in  mnnioipai  diateiot  Qnrabo,  departeeat  of  ^ayama.  P^qpnla- 
tion964. 

Oantro;  barrio  in  mnnicipal  district  Mooa,  department  of  Agnadilla.  IHipnlation 
601. 

OercadiUo;  barrio  in  mnnioipai  diatrictOayiqr,  department  of  Ghuyama. 

Oercadillo,  Oerro;  hills  in  department  of  Gnayama. 

Oereado;  barrio  in  mnnicipal  district  ASasco,  department  of  Maya^nea. 

Oerrilloa;  barrio  in  mnnidpat  district  Ponce,  d^artment  of  Ponce.  Fopnlation 
618. 

Oerro  Gordo;  barrio  in  mnnicipal  district  A^ada,  department  of  Agnadilla. 
Population  848. 

Oerro  Gordo;  barrio  in  mnnicipal  district  Anasoo,  department  of  MayaflroMu 

Oerro  Gordo;  barrio  in  mnnioipai  district  Bayamon,  department  of  Bajramon. 
Population  845. 

Oerro  Gordo;  barrio  in  mnnicipal  district  Moca,  department  of  AgwiyWiii^.  Pop. 
nlation  1,008. 

Cerro  Gordo;  barrio  in  monicipal  district  San  Lorenzo,  department  of  G-oayamo. 
Population  1,452. 

Oerro  Gordo,  Playa  de;  beach  on  north  coast,  near  Vega  Baja. 

Oerro  Gordo,  Isla  de;  small  island  off  north  coast,  near  Vega  Baja. 

Oerro  Gordo,  Punta  de;  point  on  north  coast,  near  Vega  Baja. 

Oerrote;  barrio  in  mnnicipal  district  Las  Marian,  department  of  Mayagnez.  Pop- 
ulation 864. 

Cerrotes,  Los;  mountains  in  western  part  of  department  of  Ponce. 

Chamorro;  barrio  in  municipal  district  Las  Marias,  department  of  Mayagnez. 

Charcas;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo.  Pop- 
ulation 330. 

Obico,  Rio;  a  small  stream  in  the  southeast. 

Chiquita,  Punta;  point  on  northwest  coast. 

Chupacallos;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

dales;  municipal  district  in  department  of  Arecibo.  Area  60  square  miles. 
Population  IS.!!.'*. 

Ciales;  interior  city  and  post  office,  in  department  of  Arecibo.     Population  1,356. 

Ciales;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.  Population 
1,356. 

Cialitos;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.  Population 
2,522. 

Oialitos,  Bio;  a  left-hand  branch  of  Manati  River,  in  department  of  Arecibo. 

Cibao;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Population 
695. 

Cibao:  barrio  in  municipal  district  8au  Sebastian,  department  of  Agnadilla. 

Cibuco;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 1,096. 
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Cibuco;  barrio  in  municipal  district  Vega  Baja,  department  of  Bayamon.    Popu- 
lation 310. 

Cibuco,  Boca  de;  inlet  at  month  of  Cibnco  River. 

Cibuco,  Rio;  river  in  western  part  of  Bayamon  department,  flowing  north  to 
coast.    Length  15  miles. 

Cidra;  municipal  district  in  department  of  Quayama.     Area  89  square  miles. 
Population  7,552. 

Cidra;  interior  city  in  department  of  Guayama.    Population  1,034. 

Cidra;  barrio  in  municipal  district  Anasco,  department  of  Mayaguez. 

Cidra,  Bio  de  la:  head  branch  of  Arecibo  River  in  department  of  Arecibo. 

Cidrae;  barrio  in  municipal  district  San  Sebastian,  department  of  Agnadilla. 

Ciego  Hernandez;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Cienega;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.     Popula- 
tion 711. 

Cienega;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  1,610. 

Ciervo,  Cerro  del;  hills  in  eastern  part  of  department  of  Arecibo. 

Cintrona;  barrio  in  municipal  district  J  nana  Diaz,  department  of  Ponce.    Popu- 
lation 1,132. 

Coamo;  municipal  district  in  department  of    Ponce.     Area  87  square  miles. 
Population  15,144. 

Coamo;  interior  city  and  post-office  in  department  of  Ponce.    Population  3,244. 

Coamo  Arriba;  barrio  in  municipal  district  Coamo,  department  of  Ponce.    Popu- 
lation 1,223. 

Coamo,  Bio  de;  a  small  stream  in  the  southern  part  of  the  island. 

Cocos:  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo.    Popu- 
lation 978. 

Collado,  Isla;  islet  off  southwestern  coast. 

CoUarro,  Cuchilla  de;  hills  near  Juana  Diaz. 

Collores;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Collores;  barrio  in  municipal  district  Humacao,  department  of  Humacao.    Pop- 
ulation 1,016. 

Collores;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.    Popu- 
lation 2,835. 

Collores;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Population 
893. 

Collores,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Colores;  barrio  in  municipal  district  Piedras,  department  of  Humacao. 

Comacho,  Cerro;  mountains  in  northern  part  of  department  of  Ponce. 

Comancho,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Comerio;  municipal  district  in  department  of  Guayama.    Area  37  square  miles. 
Population  8,249. 

Comerio;  interior  city  and  post-office  in  department  of  Guayama.    Population 
1,191. 

Comezon,  El;  bay  on  northeast  coast  near  Rio  Grande. 

Concejo;  barrio  in  municipal  district  Guayanillo,  department  of  Ponce. 

Conovanillas,  Bio;  a  right-hand  branch  of  Loiza  River. 

Conaejo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Popula- 
tion 929. 

Contomo;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.    Pop- 
ulation 653. 

Convento,  Punta  del;  point  on  southeast  coast. 

Corchones,  Punta;  point  on  southern  coast. 

Corcovado;  barrio  in  municipal  district  Uatillo,  department  of  Arecibo.    Popu- 
lation 1,065. 
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Oavtiillerft;  bftnio  lit  attnkapal  rfistrifit  Oilfg>  defwrtaiwQt  of  Andbok 

Garoesa*  Paula;  poijil  on  mmliierm  pc— t,  w«rt  Hi  Sfii  Jnwi. 

Popfila^cdi  tt^Oa. 
CorOEAl:  iiktenor^t7«ad  pQitmllo«iD  d^partin^ot  of  BaraiBae.    Fopitlatii»  1  *#iT* 
Bio:  m  r!«|tt-iui»i  tauieh  of  Gllnioo  Bivvr.  in  Bajsmmmi  depftrtRmt 
InfTki  in  mnsiciiMl  ^Urict  A^nsdiQa.  de|mrtia«Bt  of  A^fiiftdllSa. 
Co«t&;  Imitio  in  fatmietpnl  dMCriek  I^ps,  fUfMrliTMirf  of  MayafoeE, 
Goto:  tiamo  ia  mcmJopal  district  l»belB^  depaftinettl  ef  A^nadilla.    P<3$mliit3«n 

Ooto:  tiarriri  in  mniocxpal  district  1£«bi^L  dvfwrtiDflnl  of  Ai^ecibo.     Ftvpolslloa 

2/110. 
Goto:  barrio  iq  mtxiLicipal  di.«tricl  Pec»oelB^,  di^i«rtiii»il  ttf  Fooce. 
Coto-Ifaorel;  barrio  in  iuruiici|ial  district  Poiiee«  defivrtuent  of  PoDoe.     FV^iiiiJiip 

Ootai;  barrio  ia  tmuucrp*]  district  8aa  Gcrnuiii,  dapaitment  nf  M&jm^iieK.    Pep* 

tilatiOD  H11. 
Gnic«e;  IatHci  id  mimi£!fpal  district  A^mda.  d«pwtiDatit  of  AgoadiUa. 
Oma;  banio  In  municipal  dtstrkt  Moc&,  departmeot  of  Agimdilla.     PcvpolatUa 

Cruz;  barrio  in  iiianiclpal  district  RtiM-on,  departizkeiit  (if  Agnftdilla.     Popqlatiim 

770. 
Oubeii:  barrio  in  iDniiici|nl  district  L>oi£a,  depar^&ent  of  Bayanioo.    PopulaSioii 

Cubui,  Rio;  a  small  branch  of  Rio  Blanco,  in  the  east 

Cucurachas;  islets  off  northeast  point. 

Cucharas,  Punta;  point  on  southern  coast. 

Cuchilla;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.    Popula- 
tion 1,552. 

Cuchilla;  barrio  in  municipal  district  Moroyis,  department  of  Arecibo.     Popula- 
tion 716. 

Cuchilla  Brava;  mountains  in  western  part  of  Ponce  department. 

Cuchillas;  barrio  in  municipal  district  Corozal,  dei)artment  of  Bayamon.     Popu- 
Ution  585. 

Cuevaa;  barrio  in  municipal  district  Penuelas,  department  of  Ponce. 

Cuevas;  barrio  in  municipal  district  Trujillo  Alto,  department  of  Bayamon. 
Population  688. 

Cueva,  Isla;  islet  off  soathwest  coast 

Cuevaa,  Cerro  de  laa;  hills  in  department  of  Ponce. 

Culebra,  Isla;  island  east  of  Porto  Rico,  constituting  a  barrio  of  that  name  in 
the  municipal  district  of  Vieques,  department  of  Humacao.     Population  704. 

Culebras  Alto;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Culebias  Bajo;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Culebrinas;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Culebrinaa,  Rio;  a  river  flowing  from  the  mountains  to  the  sea  on  the  northwest 
coast 

Cupey;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon.    Popu- 
lation 1,834. 

j^nrtheast  point  of  island. 

ipal  district  Aibonito,  department  of  Ponce.     Population 

*  *'  fcrict  Coamo,  department  of  Ponce. 
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Cuyon,  Bio  de;  a  branch  of  Rio  de  Coamo,  in  the  south. 

Da^ruado,  Rio;  a  small  stream  in  the  eastern  part  of  the  island. 

Da^uao;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

Daguao;  barrio  in  municipal  district  Naguabo,  department  of  Humacao.  Popu- 
lation 75B. 

Dag'uey;  barrio  in  municipal  district  AQasco,  department  of  Mayaguez. 

Dajaos;  barrio  in  mnnicipal  district  Bayamon.  department  of  Bayamon.  Popu- 
lation 851. 

Damian  Abajo:  barrio  in  mnnicipal  district  Barros,  department  of  Ponce.  Pop- 
ulation 922. 

Damian  Arriba;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Pop- 
ulation H.39. 

Demajagua;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Descalabrado;  barrio  in  municipal  district  Santa  Isabel,  department  of  Ponce. 

Descalabrada,  Bio;  a  small  stream  in  the  southern  part  of  the  island. 

Descauae,  Alto  del;  a  snmmit  in  the  eastern  part  of  Mayaguez  department. 

Domingo  Buiz;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo. 
Population  931. 

Dominguito;  barrio  iu  municipal  district  Arecibo,  department  of  Arecibo.  Pop- 
ulation 1,093. 

Dofla  Elena;  barrio  in  municipal  district  Comerio,  department  of  Guayama. 
Population  1,460. 

Don  Alonao;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Pop- 
ulation U610. 

Dorado;  municipal  district  in  department  of  Bayamon.  Area  19  square  milea 
Population  3,804. 

Dorado;  post-office  in  department  of  Bayamon. 

Dos  Bocas;  barrio  in  municipal  district  Gorozal,  department  of  Bayamon.  Pop- 
ulation 909. 

Dos  Bocaa;  barrio  in  municipal  district  Trnjillo  Alto,  department  of  Bayamon. 
Population  369. 

Duey;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Population 
1,264. 

Duey  Alto:  barrio  in  municipal  district  San  German,  department  of  Mayaguez. 

Duey  Bajo;  barrio  in  municipal  district  San  German,  department  of  Mayaguez. 
Population  943. 

Duey,  Bio:  a  stream  in  the  southern  part  of  the  island,  flowing  to  the  sea. 

Duey,  Bio;  a  right-hand  branch  of  Rio  Guanajibo,  in  the  western  part  of  the 
island. 

Duque;  barrio  in  municipal  district  Naguabo,  department  of  Humacao.  Popu- 
lation 1,238. 

£1  Puerto;  the  harbor  of  Isabela,  on  northwest  coast. 

Smajagua;  barrio  in  municipal  district  Maunabo,  department  of  Hnmacao.  Pop- 
ulation 828. 

Emajagual:  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Encamacion;  barrio  in  municipal  district  Pefiuelas,  department  of  Ponce. 

Enea;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Ensenada;  barrio  in  municipal  district  Rincon,  department  of  Aguadilla,  Pop- 
ulation 674. 

Ensenada,  Punta  la;  point  on  west  coast. 

Equilarte,  Punta;  point  on  south  coast,  near  Arroyo. 

Ermita;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Population 
1,400.  * 

Xscambron,  Punta  del;  point  on  north  coast,  near  San  Juan  Harbor. 
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Ksperaaza;  barrio  in  municipal  digtrict  Are^ibo,  department  Arw;il>o,  Popula- 
tion 2.84:r. 

lispmal;  biirno  in  mut^icipal  diatrict  Agnada.  departmeiit  of  Ag-nadiildL. 

Espmo;  barrio  in  Tuunicipal  district  Ana^co,  department  of  Mayagne^, 

Espiuoi  barrio  in  mnoicip^  district  Lai^es.  department  of  A^oadilla.  PopalatJoii 
1448. 

EdpiMo:  barrio  in  tumiicipa.1  district  L»^  Marias,  department  of  MnyaKn*'^. 

EspijiQ;  barrio  in  municipal  district  San  Liorensso,  department  of  (itmyatna,  Po|)- 
tilatiou  IM2. 

Bspiaosa;  barrio  in  nmnicipal  district  Dorado »  department  of  Bayamon.  Popu- 
lation T:iL 

Bapinoaa;  barrio  in  mnnicipnl  district  Vt^ga  Alta,  departm^^ntof  Bayaiaon.  Pop^ 
niation  7^L 

Espiritu  Santo,  Rig;  a  branch  of  Rio  Grande,  in  the  nonbefistern  part  of  the 
inland. 

Eete;  barrio  in  mnnicipal  diatrict  Coaiuo-  depart  me  nt  of  Ponce. 

Factor;  barrio  in  municipal  district  Arecibo.  deimrtment  of  Arecibo,    PopnlatioD 

Fajardo;  mnnicipal  district  in  department  of  Hnmat^ao,  Area  Bl  st^tiare  miletc, 
Popnlatiou  m,im. 

rajardo:  city  and  po^t-ofiice  in  department  of  Enmacao.  simat^i  near  coiwt. 
Population  a,4l4, 

rajardo;  bairio  in  moriicipal  dieirict  Fajardo.  department  of  Homac-.ao.  Popn- 
lation  3.414. 

Fajardo,  Punta  de;  point  on  eastern  coast  off  Fajardo. 

Fajardo,  Bio  de;  a  small  stream  in  the  ncjrtheu^t, 

Fama,  Puata;  point  on  son t hern  coast  near  Santa  IsabeL 

Farallon;  barrio  in  municipal  district  Cayey,  department  of  Qnayama. 

Farallon,  Cerro;  hills  near  Cayey. 

Felicia;  barrio  in  municipal  district  Santa  Isabel,  department  of  Ponce. 

Feliciana,  Punta;  point  on  southeast  coaat. 

Figuera,  Punta;  point  on  eastern  coast. 

Figuerita,  Punta;  point  on  eastern  coast. 

Flamencas,  Punta;  point  on  southern  coast  near  Guanica. 

Florencio;  barrio  in  municipal  district  Fijardo,  department  of  Humacao. 

Flores,  Rio;  a  right-hand  branch  of  Rio  Guana jibo,  in  the  southeast  part  of  the 
island. 

Florida;  post  village  in  department  of  Arecibo. 

Florida;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama. 
Population  807. 

Florida;  barrio  in  municipal  district  Vieques,  department  of  Humacao. 

Florida  Adentro;  barrio  in  municipal  district  Barceloneta,  department  of  Arecibo. 
Population  2,002. 

Florida  Afuera;  barrio  in  municipal  district  Barceloneta,  department  of  Arecibo, 
Population  3,579. 

Frailes;  barrio  in  municipal  district  of  Rio  Piedras,  department  of  Bayamon. 
Population  562. 

Frailes;  barrio  in  municipal  district  Yauco,  department  of  Pox.ce.  Population 
919. 

Frances,  Cerro;  mountains  in  department  of  Humacao. 

Franquez;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Popu- 
lation ('»95. 

Fronton;  barrio  in  municipal  district  Ciales,  department  df  Arecibo.  Popula- 
tion 3,706. 

Fuerte,  Punta  del;  point  on  west  coast  near  Cabo  Rojo. 
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Fumias;  barrio  in  manicipal  district  Las  Marias,  department  of  Mayagnez. 
Qalatea;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.    Popu- 
lation 606. 
Qalateo  Alto;  barrio  in  manicipal  district  Isabela,  department  of  Agnadilla. 

Population  1,063. 
Ghaleteo  Bajo;  barrio  in  municipal  district  Isabela.  department  of  Aguadilla. 

Population  705. 
Qarrochales;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.    Pop- 
ulation 9r)0. 
Qarrochales;  barrio  in  municipal  district  Barceloneta,  department  of  Arecibo. 

Population  1,058. 
G-arzas;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.    Population 

1,425. 
G-arzas,  Isia  de  la;  small  island  off  north  coast  near  mouth  of  Rio  Cibuco. 
Qata,  Punta  de  la:  point  on  north  coast  near  Quebradillas. 
G-atas,  Isla;  islet  off  south  coast  near  Ponce. 

Qato;  barrio  in  municipal  district  Barros,  department  of  Ponce.    Population  876. 
Golay,  Punta:  point  at  entrance  to  Guayanilla  Harbor  on  southern  coast. 
Gorda,  Punta;  point  on  northwest  coast. 
Gorda,  Punta;  point  on  east  coast. 
Gordo,  Gerro;  Mountains  near  Hato  Grande. 

Grande,  Rio;  a  small  steam  flowing  to  the  sea  on  the  northwest  coast. 
Grande,  Bio;  a  small  stream  in  the  northeastern  part  of  the  island. 
Guaba,  Rio  de  la;  a  left-hand  branch  of  Rio  Blanco  in  the  northwestern  part  of 

the  island. 
Guacio;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Population  562. 
Guadiana:  barrio  in  the  municipal  district  Naranjito,  department  of  Bayamon. 

Population  1,006. 
Guajataca;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo. 

Population  666. 
Guajataca:  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 
Guajataca,  Bio;  rivei*,  heading  above  Lares  and  flowing  north  to  its  mouth  near 

Quebradillas  on  north  coast.    Length  18  miles. 
Guama;   barrio  in  municipal  district  San  German,  department  of  Mayagnez. 

Population  1,188. 
Guamani;   barrio  in  municipal  district  Guayama,  department  of  Guayama. 

Population  1,360. 
Guamani,  Bio;  a  small  stream  in  the  southern  part  of  the  island. 
Guanabanas;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 
Guanabo,  Bio;  a  right-hand  branch  of  Bayamon  River  in  Bayamon  department. 
Guanaguilla;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 
Guanajibo;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayagnez. 

Population  1,074. 
Guanajibo:  barrio  in  municipal  district  Hormigueros,  department  of  Mayagnez. 
Guanajibo;  barrio  in  municipal  district  Mayagnez,  department  of  Mayaguez. 

Population  1,032. 
Guanajibo,  Bio;  a  river  flowing  from  the  mountains  westward  to  the  west  coast. 

Length  23  miles. 
Guananes;  Bio,  a  river  in  the  southeastern  part  of  the  island. 
Guanaquilla,  Punta;  point  on  west  coast. 
Guancha,  Punta;  point  on  south  coast,  near  Ponce. 
Guanica:  poet  village  in  department  of  Ponce. 
Goanica;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Population 

2,700. 


ca,  Laguna  de:  a  miirdhf  lake  in  the  Bisuthweatern  ptat  fit  the  isljuid. 
l&tiAziica,  Puerto;  Imrbir  nn  south  txmf^t 
iHuaonico;  barrio  hi  manicipal  district  Uvtiadt^  departnLPut  of  Arecdbo*     P(^- 

tlati^m  77  i. 
uarA-^aos;  bamn  in  tnanicipal  diatrii^t  Ponce,  dapartment  of  Ponee,     Faiiolir 
tion  1;7T1, 
uaraguaoa  Abajo;  barrio  in  mnnicip»l  dintfict  B&yamon,  d^^partiuent  of  Bayt* 
I        uaou*     Population  837. 

0uaragiiaos  Arriba;  IjAtiio  in  mtiuieipal  dlHtrict  Bay^ninon,  de|M^txn«i]t  uf  Bays* 
I        mon.    Population  OJ^ I* 

^uaragpuaoB  de  0uayiiabo;  barrio  in  uiiiuicipal  diatTict  Bayamon,  departmeiit 
I        of  Bayamon,    Popalation  7*1^1. 

•0uardarraya;  barrio  in   niunii*i|ial  difltrirt  f^dllas,  department  of  HmiiacaOy 
I        Population  1,0  IH.  ■ 

lOtiaaimaa:  barrio  in  mnnicip^d  district  Arroyo,  dei^artment  of  Guayania.  m 

SuatemalA;  barrio  in  municipal  district  San  Bebantlan.  department  of  Agnaditla. 
uatemala,  Klo;  a  right- hand  branch  of  Rio  Culebrinan;  in  the  north  west. 

I^uavate;  barrio  in  municipal  district  Cayey,  department  of  Onaysma. 

'&uayabal;  barrio  in  municipal  diatrict  Jnsna  Diaz,  department  of  Pone©.  Popn* 
lation  2,0;J4.  I 

,0uayabo;  barrio  in  municitial  district  Agoada.  departmerit  of  Agnttdilta.  " 

Guayabo  Dulce;  Imrrio  in  mnnicipal  district  Adjuntai^,  tlepartmant  of  F\jn<v. 
Population  ljir>r>, 

©uayabofl'.  barrio  in  municipal  district  leahala,  department  of  Agnadilla.  Pcifiu- 
lation  81 M, 

Guayabota:  barrio  in  municipal  district  Yabuccwi.  department  of  Hmmacao. 
Population  904. 

Guayabote;  barrio  in  municipal  district  PatUlas,  department  of  Hnmacao. 

Guayabota,  Cerro;  hills  in  Hnmacao  department. 

Quayacan;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

Ouayacan,  Punta;  point  on  island  off  southwest  coast. 

Guayama;  a  department  situated  in  the  southeastern  part  of  the  island.  Its  area 
is  561  square  miles,  and  its  population  111,986,  showing  a  density  of  200  inhab- 
itants per  square  mile.  As  to  race,  the  population  was  divided  in  the  propor- 
tions of  50.7  per  cent  white  and  49.a  per  cent  colored,  the  two  raoes  being 
nearly  e(iual  in  number.  Only  14  per  cent  of  the  area  of  the  department  was 
under  cultivation,  and  of  this  cultivated  area  38  per  cent  was  planted  in  cof- 
fee and  16  i>er  cent  in  sugar  cane.  Of  the  total  farm  area  79  per  cent  was 
owned  by  its  occupants,  and  but  21  per  cent  rented. 

Guayama:  municipal  district  in  department  of  Guayama.  Area  64  square  miles. 
Population  12,749. 

Guayama;  coast  city  and  post-office  in  department  of  Guajrma.    Population  5.334. 

Guayama;  bay  on  south  coast. 

Guayanes;  barrio  in  municipal  district  Yabucoa,  department  of  Hnmacao. 
Population  801. 

Guayanilla;  municipal  district  in  department  of  Ponce.  Area  47  square  miles. 
Population  9,540. 

Guayanilla;  post  village  in  department  of  Ponce. 

Guayanilla,  Ensenada  de;  harbor  on  southern  coast. 

Guayanilla,  Rio:  a  stream  in  the  southern  part  of  the  island  flowing  into  the  sea 
at  Guayanilla. 

Guaynabo;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Pop- 
ulation 465. 

Guayo;  barrio  in  municipal  district  Adjuntas,  department  of  Ponoe. 
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Ghiayo,  Cerro  del;  moantains  in  northern  part  of  Ponce  department. 

Guerrero;  barrio  in  manicipal  district  Agnadilla,  department  of  Aguadilla.  Pop- 
ulation 638. 

Guerrero;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popula- 
tion 753. 

Guilarte;  barrio  in  municipal  district  Adjuntas.  department  of  Ponce.  Popula- 
tion 1,01». 

Guilarte,  Bio  de;  a  head  branch  of  Rio  Blanco  in  the  northwest. 

Guilarte,  Cerro;  mountains  in  the  western  part  of  Ponce  department.  Altitude 
3,608  feet. 

Gurabo;  municipal  district  in  department  of  Guayama.  Area  28  square  miles. 
Population  8,700. 

Gurabo ;  interior  city  and  post-office  in  department  of  Guayama.    Population  1 ,309. 

Gurabo  Abajo;  barrio  in  municipal  district  Jnncos,  department  of  Guayama. 

Gurabo  Arriba;  barrio  in  municipal  district  Juncoe,  department  of  Guayama. 

Gurabo,  Bio;  a  left-hand  branch  of  Loiza  River. 

Gurabo,  Bio;  a  right-hand  branch  of  Loiza  River. 

Guzman  Abajo;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  1,378. 

Guzman  Arriba;  barrio  in  municii)a]  district  Rio  Grande,  department  of  Baya- 
mon.   Population  1,047. 

Habana,  Boca;  entrance  to  Rio  de  la  Plata  on  north  coast,  near  Dorado. 

Hatillo;  municipal  district  in  department  of  Arecibo.  Area  39  square  miles. 
Population  10,449. 

Hatillo;  post  village  in  department  of  Arecibo. 

Hatillo;  barrio  in  municipal  district  ASiasco,  department  of  Mayaguez. 

Hato;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama.  Popu- 
lation 1,028. 

Hato  Abajo;  barrio  in  mnnicipal  district  Arecibo,  department  of  Arecibo.  Popu- 
lation 1,869. 

Hato  Arriba;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo. 
Population  1,751. 

Hato  Arriba;  bario  in  municipal  district  San  Sebastian,  department  of  Agua- 
dilla.   Population  663. 

Hato  Nuevo;  barrio  in  municipal  district  Gurabo,  department  of  Guayama. 
Population  1,361. 

Hato  Nueva;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  683. 

Hato-Puerco;  barrio  in  municipal  district  Loiza,  department  of  Bayamon.  Popu- 
lation 3,139. 

Hato-Puerco  Abajo;  barrio  in  municipal  district  J  nana  biaz,  department  of 
Ponce.    Population  991. 

Hato-Puerco  Arriba;  barrio  in  municipal  district  . J  nana  Diaz,  department  of 
Ponce.    Population  1,496. 

Hato  Bey;  barrio  in  municipal  district  Rio  Piedras.  depailment  of  Bayamon. 
Population  1,324. 

Hato  Teja;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Pop- 
ulation 1,358. 

Hato  Viejo;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popu- 
lation 2,588. 

Hato  Viejo;  barrio  in  municipal  district  dales,  department  of  Arecibo.  Popu- 
lation 1,800. 

Hato  Viejo;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  473. 
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Helechal;  barrio  in  manidpsl  district  Barranquitas,  dex>artment  of  Ponce.  Pop- 
ulation 1,485. 

fierrera;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  221. 

fierrera.  Bio;  a  small  stream  in  the  northeastern  part  of  the  island. 

Hicacos;  island  off  the  northeast  coast. 

Hicacos,  Cerro;  mountains  in  Humacao  depax  tment. 

Higuey;  barrio  in  municipal  district  Aguadilla^  department  of  Aguadilla. 

Higuillar;  barrio  in  municipal  district  Dorado,  department  of  Bayamon.  Popu- 
lation 820. 

Hoconuco  Alto;  barrio  in  municipal  district  San  G^erman.  department  of  Maya- 
guez.    Population  948. 

Hoconuco  Bajo:  barrio  in  municipal  district  San  German,  department  of  Maya- 
guez.     Population  1,047. 

fioconuco,  Bio;  a  right-hand  branch  of  RioGuanajibo,  in  the  western  part  of  the 
island. 

Honda  Ensenada;  harbor  on  the  east  coast,  near  Ceiba. 

Hondo,  Cayo:  islet  off  the  southern  coast,  near  Guanica. 

Hondo,  Bio;  a  small  stream  flowing  to  the  e-^a  in  the  northwestern  part  of  the 
island. 

Hondura;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Honduras;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 
Population  802. 

Hormigiieros;  municipal  district  in  department  of  Mayaguez.  Area  12  square 
miles.     Population  3,215. 

Hormigueros;  barrio  in  municipal  district  Hormigueros,  department  of  Maya- 
guez. 

Hoya  Mala;  barrio  in  maniciijal  district  San  Sebastian,  department  of  Aguadilla. 
Population  1,215. 

Hoyo-Mulas:  barrio  in  iiiunicii)al  district  Carolina,  department  of  liayamon. 
Population  1,24."). 

Hucares;  barrio  in  municipal  district  Naj^uabo,  department  of  Humacao.  Popu- 
lation 826. 

Humacao:  a  department  occupying  most  of  the  eastern  end  of  the  island.  Its 
area  is  i]'2\)  square  miles,  and  its  population  8*^.501,  showing  a  density  of 
poi)ulation  of  214  per  si^uare  mile.  As  to  race,  the  population  is  divided  in 
proportion  of  40. 1  per  cent  white  and  oli.O  per  cent  colored,  this  department 
having  a  larger  i)roportion  of  colored  than  any  other.  Of  the  total  area  only 
1")  per  cent  was  under  cultivation.  Of  this  cultivated  area  53  per  cent,  or 
considerably  more  than  onc-iialf,  was  planted  in  sugar  cane,  and  1)  per  cent 
only  in  coffee.  Of  the  total  farm  area  .S4  per  cent  was  owned  by  its  occu- 
pants, the  remaining  Hi  per  cent  being  rented. 

Humacao;  municii)Hl  district  in  department  of  Humacao.  Area  38  square  miles. 
Population  ll,:513. 

Humacao;  city  and  post-otttce  in  department  of  Humacao,  situated  near  coast. 
Population  4.42s. 

Humacao,  Rio  de:  a  small  stream  in  the  southeastern  part  of  tlie  island. 

Humala,  Rio:  a  small  rii^ht-hand  branch  of  Rio  Blanco,  in  the  northwestern  i)art 
of  the  island. 

Humatas;  barrio  in  municipal  district  Anasco.  department  of  Mayaguez. 

Iglesia:  barrio  in  munici])al  district  Aguadilla.  department  of  Aguadilla. 

Inabon,  Rio:  a  small  stream  in  the  southern  part  of  the  island. 

Indiera  Alta;  barrio  in  municipal  district  Maricao,  department  of  Mayaguez. 
Population  1,145. 
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Indiera  Baja;  barrio  in  xnanicipal  district  Maricao,  department  of  Mayagnez. 
Population  933. 

Indiera  Frios;  barrio  in  manicipal  district  Maricao,  department  of  Mayagnez. 
Population  1,165. 

Indiera,  Sierra  de  la;  short  range  of  mountains  in  eastern  part  of  Mayagnez 
department. 

Indio,  Punta  del;  point  on  eastern  coast. 

Indios;  barrio  in  municipal  district  Gnayanilla,  department  of  Ponce. 

Ingenio,  Bio  del;  a  small  stream  in  the  southeastern  part  of  the  island. 

Inglesia,  Punta  de  la;  point  on  north  coast  near  Loiza. 

Insua  Alta;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Insua  Baja;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Popula- 
lation  811. 

Isabela;  municipal  district  in  department  of  Aguadilla.  Area  53  square  miles. 
Population  14,888. 

Isabela;  post  village  in  department  of  Aguadilla. 

Isabel  de  Cabras,  Punta;  point  on  south  coast. 

Isolete;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Population 
2,498. 

Isolina;  post  callage  in  department  of  Arecibo. 

Jacaboa;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Jacabos,  Bio;  a  small  stream  in  the  southeastern  part  of  the  island. 

Jacaguas;  barrio  in  the  municipal  district  Juana  Diaz,  department  of  Ponce. 

Jacaguas,  Bio;  a  river  heading  in  the  divide  and  flowing  to  the  south  coast. 
Length  20  miles. 

Jacana;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popu- 
lation 1,101. 

Jacana;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Jacome  Alto:  barrio  in  municipal  district  Cayey,  department  of  Guayama. 
Population  1,246. 

Jacome  Bajo:  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Jagua;  barrio  in  municipal  district  Ciales,  department  Arecibo.  Population 
1,264. 

Jagua;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Jagua;  barrio  in  municipal  district  Gurabo,  department  of  Guayama.  Popula- 
tion 868. 

Jagua;  barrio  in  municipal  district  Peiluelas,  department  of  Ponce.  Population 
971. 

Jagual;  barrio  in  municipal  district  Gurabo,  department  of  Guayama. 

Jagual;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Jagual;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama. 
Population  1,024. 

Jagua-Pasto:  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Jaguey:  barrio  in  municipal  district  Rincon,  department  of  Aguadilla.  Popula- 
tion 570,  * 

Jaguey:  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Jagueyes;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guayama. 

Jaguita;  barrio  in  municipal  district  Hormigueros,  department  of  Mayagnez. 

Jajome,  Sierra  de;  mountains  in  department  of  Guayama. 

Jajome,  Bio;  a  branch  of  Rio  de  la  Lapa,  in  the  southern  part  of  the  island. 

Jauca,  No8.  1  and  2;  barrios  in  municipal  district,  Santa  Isabel,  department  of 
Ponce. 

Jayuya;  post  village  in  department  of  Arecibo. 

Jayuya  Abajo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo. 
Population  3,597. 
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lagmjA  Anite;  Imvrio  In  vmiileiiMl  dtetriet  tTtoado,  dapartmint  of  Aiwiln. 

Fdpalatkm  5,700. 
J'synys,  8i0iT»  del;  moaoMm  in  >oqlit«iiitni  n  part  of  dapTtmant  of  Areeibo. 
li]in«fOy  Ftinta  del;  point  on  west  eoiMt 
JSmines;  bonrio  in  mnnfoipel  district  Bio  Cknade,  department  of  Bafamon. 

Popnletion  1,778. 
Joboa;  barrio  in  mnnidpal  djatrict  GHmyamm,  department  of  €^nay^a^l.    Popot*- 

tlon  1,180. 
Joboa;  barrio  in  monlolpal  diatriot  laabeUi,  departmint  of  A^oadilln.    Popoki- 

tkm  1,061. 
Joboa,  Poerto  de;  barbdr  on  aontli  ooaat 
Jollin,  Oerro;  bUla  in  department  (rf  PoUob. 
Jnana  Dias;  municipal  district  in  department  of  Poaoe.    Area  105  aqnate  milea. 

PopnlAtlon  27,800. 
Jnana  Bias;  city  and  postH>flloe  in  department  of  Ponce.    Popnlation  d340w 
Jnan  Alonao;  barrio  in  monicipal  district  Majagnea,  department  of  MayagnsSi 

Popalatimi  1,041. 
Juan  Aaeneio;  barrio  in  mnnidpal  district  Agnas  Boenas,  departmeut  of  Qnay- 

ama.    Papulation  1,029. 
Juan  Qonaales;  barrio  in  ronniidpal  district  Adjunlas,  department  of  Ponoa 
Juani  duebrada;  rarine  on  norib  coast,  near  Qnebfaditlas. 
Juan  Kartin;  barrio  in  municipal  diatrict  Tabncoa,  dspartment  of  Httmacaa 

Population  1,478. 
Julm  Kaftines;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacaa 
Juan  Sanches;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon. 

Popnlation  020. 
Jueyes,  Bio;  a  small  stream  in  the  sontitem  part  of  the  iiAand. 
Juncal;  barrio* in  mnnicipal  district  San  Sebastian,  department  of  Agnadilla. 

Population  761 . 
Juncos;  municipal  district  in  department  of  Guayama.    Area  <^  square  miles. 

Population  8,429. 
Juncos;  interior  city  and  post-office  in  department  of  Guayama.    Population 

2,026. 
Lagunas;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla.     Popu- 
lation 753. 
Lajas;  municipal  district  in  department  of  Mayaguez.    Area  48  square  miles. 

Population  8,789. 
Lajas;  interior  city  and  post-office  in  department  of  Mayaguez.     Population  1,385. 
Lajas,  Bio;  a  left-hand  tributary  of  Rio  Blanco  in  the  northwest. 
Lajas  Arriba;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Population  1.152. 
Lapa;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 
Lapa:  barrio  in  municipal  district  Salinas,  department  of  Guayama.     Population 

1,019. 
Lapa,  Bio  de  la;  a  stream  flowing  southward  from  the  divide  to  the  sea  at  Salinas. 
Lares;  municipal  district  in  department  of  Aguadilla.     Area  48  square  miles. 

Population  20,883. 
Lares;  interior  city  and  post-office  in  department  of  Aguadilla.     Population  3,714. 
Lares;  barrio  in  mnnicipal  district  Lares,  department  of  Aguadilla.    Population 

1,954. 
Las  Marias;  municipal  district  in  department  of  Mayaguez.     Area  39  scinare 

miles.     Population  11,279. 
Las  Marias;  post  village  in  department  of  Mayaguez. 

Palmas;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Popu- 
lation 647. 
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liatorre;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.  Popnla- 
tion  2,008. 

Ijatorre,  Cerro:  hills  in  southeastern  part  of  department  of  Maya^nez. 

I^aurel;  barrio  in  municipal  district  Arroyo,  department  of  Guayama.  Popula- 
tion 1,333. 

I«avadero;  barrio  in  municipal  district  Hormigueros,  department  of  Mayaguez. 

Iieguisamo;  biirrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 
Population  1,228. 

Iieniani,  Bio;  a  head  branch  of  Rio  Blanco  in  the  northwestern  part  of  the 
island. 

Iienia,  Punta  de  la;  point  on  southeast  coast. 

Limani;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce.  Popula- 
tion 1,075. 

I«imon;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.  Popu- 
lation 870. 

liimon;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 857. 

I«imon,  Altos  del;  mountains  in  Mayaguez  department. 

lamon,  Bio;  a  right-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Ijimones;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popu- 
lation 1,139. 

Itfimones,  Bio;  a  small  stream  in  the  southeastern  part  of  the  island. 

larios;  barrio  in  municipal  district  Juncos,  department  of  Guayama.  Popula- 
tion 815. 

lazas;  barrio  in  municipal  district  Maunabo,  department  of  Humacao. 

Uanadas;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popu- 
lation 1,564. 

Uana,  Sierra;  mountains  in  Mayaguez  department. 

Uano;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Uano;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Itflanos;  barrio  in  municipal  district  Coamo.  department  of  Ponce.  Population 
1,064. 

Ijlanoa;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Uanos  Costa:  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez. 
Population  867. 

lilanos  Tuna;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez. 
Population  2,976. 

Uaurel,  Sierra  del;  hills  in  department  of  Guayama. 

Uave:  barrio  in  municipal  district  Vieques,  department  of  Humacao.  on  Isla  de 
Vieciues. 

Ijoina:  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.  Popu- 
lation 994. 

Ijoiza;  post  village  in  department  of  Bayamon. 

Ijoiza;  municipal  district  in  department  of  Bayamon.  Area  60  square  miles. 
Population  12,522. 

Loiza,  Bio  Grande  de;  river  in  northeastern  part  of  the  island  heading  in  the 
main  mountain  range  and  flowing  generally  northeast  to  its  mouth  at  Loiza. 
Length  40  miles. 

Lomas;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Lomas;  barrio  in  municipal  district  Loiza,  department  of  Bayamon.  Population 
1,614. 

Los  Cearos,  duebrada;  small  stream  in  northeim  part  of  Aguadilla  department. 

IjOS  Farallones;  small  islands  off  north  coast,  near  Quebradillas. 

Luquillo;  post  village  in  department  of  Humacao. 

BuU.  183—01 :3 
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lAquillay  alarm  db;  slicrt  taatfs  In  norlliaMiani  pvt  of  idatid. 

MtkWlBf  Bio;  a  ri^t-hand  bnncli  ci  dlmoo  Biver,  in  BaiyMooii  < 

lUlm;  banloinmimidpaiaisliiotHiiiiiaQMydepu^^ 

Xacaaa;  banio  in  miiniolpal  dislriel  Go^TMii^  Pdnoa. 

Macana;  banrio  in  mnnidpal  dislriet  Pefioite,  dapttxtment  of  Boooft.    Bopaia- 
tionl,OSS. 

Macana,  &io;  a  finiall  9li«Mn  in  the  aonllMHrn  part  of  tteislaad. 

Machete;  bairio  in  mimici|ial  district  Gna7aaia,d6iMitniei^  Pop. 

nlation  868. 

Macho,  Bneenada;  open  roadstead  on  east  coast 

Machose;  barrio  in  mnnicipal  district  9sjar4o,  departmaot  of  Homscaci 

Machnchal;  barrio  in  mnnicipal  district  Sahttia  Granda*  department  oC  Mspa- 
.goeas.    Popnlatkm  090. 

Machuelo  Abi^o;  bariio  in  ipnniolpal  distriot  Ponce,  department  of  Ponea 
Population  1,896. 

Machuelo  Arriba;  banjo  in  mnnicipal  distriot  Ponce,. department  of 
Popnlation  1,418. 

Mafias;  banio  in  mmiicipal  dirtrict  CHmyanillaf  departine^ 

Magos;  barrio  in  mnnicipal  district  San  Selmrtlan,  depactmeat  of  AgnndilhL 

MagoyOyOeno;  hills  in  sogtheaetam  part  of  dqwifiBientcf  ArecitKK 

Magnayo;  barrio  in  mnnicipal  district  Dorado,  department  of  1 
lation764. 

Magueyea;  barrio  in  mnni<dpal  dtotilct  CNiioaal,  department  of  Bayanmn.    Po^ 
alatiQn848. 

Magueyea;  barrio  in  municipal  district  Ponce,  deparrlnMnt  of  Ponosw    Bopala* 
tion  1,171. 

Magueyea,  Isla;  islet  off  soutiiwest  coast. 

Maizales;  barrio  in  municipal  district  Naguabo,  department  of  Humacaa    Popu- 
lation 1,060. 

Majagua,  Eneenada;  open  roadstead  on  east  coast. 

Mala  Paecua,  Cabo;  cape  on  southeast  coast  near  Maunabo. 

Malesas  Alta;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  784. 

Malesas  Baja;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  905. 

Malezas;  barrio  in  municipal  district  Mayaguez,  department  of  Mayagnez. 

Maldonado,  Punta;  point  on  north  coast,  east  of  San  Juan. 

Malo,  Cerro;  mountaius  in  western  part  of  department  of  Ponce. 

Mal-paso;  barrio  in  municipal  district  Agnada,  department  of  Aguadilla. 

Mambiche;  barrio  in  municipal  district  Hamacao,  department  of  Humacao. 

Mamey;  barrio  in  municipal  district  Gurabo,  department  of  Guayama.     Popula- 
tion 680. 

Mamey;  barrio  in  municipal  district  Juncos,  department  of  Guayama. 

Mamey;  barrio  in  municii)al  district  Patillas,  department  of  Humacao. 

Mamey;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon.    Pop- 
ulation 036. 

Mamey;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla.     Popula- 
tion 558. 

Mameyal;  barrio  in  mnnicipal  district  Dorado,  department  of  Bayamon.     Popu- 
lation 169. 

Mamey,  Cuchilla  del;  hills  near  Manuabo. 

Mameyes;  post  village  in  department  of  Bayamon. 

Mameyes;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  2,070. 
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Mameyes;  barrio  in  manicipal  district  Utaado,  department  of  Arecibo.  Popu- 
lation 4,268. 

Mameyes,  Punta;  point  on  north  coast  near  Dorado. 

Mameyes,  Bio;  small  stream  in  the  northeastern  part  of  the  island. 

Manati;  manicipal  district  in  department  of  Arecibo.  Area  51  square  miles. 
Population  13,989. 

Manati;  city  and  post-office  in  department  of  Arecibo,  situated  near  coast.  Pop- 
ulation 4,494. 

Manati,  Punta  de;  point  at  mouth  of  Manati  River  on  north  coast. 

Manati,  Bio;  a  river  heading  in  the  main  mountain  range  and  flowing  north  to 
the  coast  near  Barceloneta.    Length  following  up  the  Bauta  branch,  29  miles. 

Manguilla,  Punta;  point  on  south  coast  near  Guanica. 

Manquitas,  Isla  de  las;  islet  off  southern  coast,  west  of  Ponce. 

Manuel,  Pozo  de;  harbor  on  north  coast,  near  Hatillo. 

Maracuto,  Bio;  a  right-hand  branch  of  Loiza  River. 

Mara^ez;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
1,756. 

Maravilla;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 

Maravillas,  Cerros;  mountains  in  northern  part  of  department  of  Ponce. 

Maresua;  barrio  in  municipal  district  San  German,  department  of  Mayaguez. 

Maria;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 1,133. 

Maria;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.  Population 
1,063. 

Mariana;  barrio  in  municipal  district  Naguabo,  department  of  Humacao.  Popu- 
lation 1,280. 

Mariana,  Cerro;  hills  near  Patillas. 

Marianao;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Population  1,296. 

Marias;  barrio  in  municipal  district  Agnada,  department  of  Agaadilla.  Popu- 
lation 746. 

Marias;  barrio  in  municipal  district  Aiiasco,  dei)artment  of  Mayaguez. 

Marias,  Punta  de  las;  x>oint  on  north  coast,  east  of  Sin  Juan. 

Maricao;  municipal  district  in  dei>artment  of  Mayaguez.  Area  41  square  miles. 
Population  8,812. 

Maricao;  interior  city  and  post-office  in  department  of  Mayaguez.  Population 
1,179. 

Maricao;  barrio  in  municipal  district  Vega  Alta,  department  of  Bayamon.  Popu- 
lation 741. 

Maricao  Afuera;  barrio  in  municipal  district  Maricao,  department  of  Mayairuez. 
Population  1,390. 

Maricayo,  Punta;  point  on  north  coast,  in  department  of  Arecibo. 

Marina;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popu- 
lation 2,144. 

Marina  Meridional;  barrio  in  municipal  district  Mayaguez,  department  of 
Mayaguez.    Population  1,611. 

Marina  Septentrional;  barrio  in  municipal  district  Mayagruez,  department  of 
Mayaguez.    Population  2,934. 

Maronguey,  Punta;  point  on  northern  shore,  east  of  Arecibo. 

Martin  Qonzales;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  708. 

Marueflo;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
1,105. 

Marunguey,  Punta;  x>oint  on  east  coast,  near  Fajardo. 

Marungueyes,  Playas;  beach  on  north  shore,  east  of  Arecibo. 


Masas;  barrio  io  monlcipial  dtatriet  Gnrabo,  departinenl  of  Gmayatiia. 

Mata  de  Cada;  tuirrio  in  inuiiifiiiml  distrk-t  Barros^  deiiartmetit  of  Ponce* 

Mata  de  Platano;  barrio  in  lunnicipal  titfitrict  Rio  Grande,  department  of  Bajs^ 
mou.    Popalation  TH, 

Matagorda.  Punta  de:  point  on  dOi;jth  coast. 

Mataredonda,  Pxmta;  point  on  east  coast* 

Mateif  Isla;  island  off  nonth  coaet. 

Maton;  barrio  in  mnnicipal  dietrict  Patillas.  departuiiint  of  Htnnacao, 

Maton  Abajo;  bavrio  in  municipiil  diatrict  Cayey,  department  of  Gfiayaxna. 

Maton  Arriba^  barrio  in  luiinicipal  digtrict  Cajey.  department  of  Guayania. 

Matmlla,  Bio;  a  brancli  of  ManatI  River  in  department  of  Arecibo. 

UatuyaB  Alto;  barrio  in  monicipal  iliatrlct  Mannatx>,  department  of  Htuitacao, 

Matnyaa  Bajo;  barrio  in  municipal  district  Matinatx>»  department  of  Hnmac^o. 

Uaunabo;  municipal  district  in  department  of  Hnmacao«  Area  1^  sqnai^  milis. 
Population  «,:i21. 

Maunabo;  city  and  pojst-office  in  department  of  Hnmacau,  situated  near 
Population  1,2  m  . 

Maunabo,  Puerto  de:  harbor  \m  e<:iutheaat  coast 

Haunabo,  Rio;  A  small  stream  in  the  southeast  part  of  the  leland. 

Mayag-uess;  a  department  occupying  most  of  the  weet^m  end  of  the  island.  Its 
area  is  3Ufj  Bqtiare  miles,  and  it^  population  127,560.  The  densit^r  of  popnlm- 
tion  ii  313  per  square  mile.  As  to  race,  the  population  is  divided  in  the  pvo- 
portiona  of  64.3  per  cent  white  and  a5w  per  cent  colored.  Of  the  total  ana, 
HI  per  cent  was  under  cultivation.  Of  this  cultivated  area  not  leaa  tban  '>l 
per  cent  was  plante  I  in  cotfee  trees,  and  but  12  per  c«nt  in  &ngar  caue.  Of 
the  total  farm  area,  91  p^r  ceut  was  owned  by  its  oc^upants»  and  butO  per 
cent  was  rented. 

Maya^ez;  mtmicipal  diatrict  in  department  of  Mayagnez.  Area  48  square 
miles.    Population  35,700. 

Maya^ez;  coast  city  and  x>ost-office  in  department  of  Mayagnez.  Popnlation 
15,187. 

Mayaguez  Arriba;  barrio  in  municipal  district  Mayagnez,  dex>artment  of  Maya- 
guez.    Population  2,187. 

Media  Luna:  barrio  in  municipal  district  Toa  Baja,  department  of  Bayamon. 
Population  598. 

Kediania;  barrio  in  municipal  district  Loiza,  department  of  Bayamon.  Popula- 
tion 2,296. 

Medio  Mundo,  Isla;  island  off  eastern  coast,  near  Ceiba. 

Medio  Mundo,  Punta;  point  on  island  of  same  name  off  east  coast. 

Melones,  Punta;  point  on  southwest  coast. 

Membrillo;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Popu- 
lation 769. 

Mercado;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Pop- 
ulation 2,038. 

Mesa,  Cuchilla  de  la;  hills  in  department  of  Ponce. 

Millan,  Cerro;  hills  near  Yabucoa. 

Mina,  Cerro  de  la;  mountains  in  Humacao  department. 

Minas,  Cerro  de  las;  hills  near  Coamo. 

Minillas;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Pop- 
ulation 1,000. 

Minillas;  barrio  in  municipal  district  San  German,  department  of  Mayagnez. 
Population  1,657. 

Miquillo,  Punta;  point  on  north  coast  near  Rio  Grande. 

Mirabeles;  barrio  in  municipal  district  San  Sebastian,  department  of  AgnadiUa. 

'       Population  404. 
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"^ICiradero;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayagnez. 

Population  2,011. 
'Miradero;  barrio  in  mnnicipal  district  Mayagnez,  department  of  Mayagnez. 
Population  1,268. 

Xiraflores;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.    Pop- 
ulation 1,416. 

Xiraflores,  Isla;  island  in  San  Juan  Harbor  on  north  coast. 

Xirasol;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.    Popula- 
tion 1,027. 

Xoca:  municipal  district  in  department  of  Aguadilla.    Area  26  square  milee. 
Population  12,410. 

Xoca;  interior  city  in  department  of  Aguadilla.    Population  1,470. 

Xoja  Casabe,  Punta;  point  on  southwestern  coast. 

Xolino,  Punta  del;  point  on  southwestern  coast. 

Xona,  Isla;  island  in  the  Windward  Passage,  west  of  Porto  Rico.    A  barrio  in 
municipal  district  Mayagnez,  department  of  Mayagnez.    Population  6. 

Monacillo;  barrio  in  mnnicipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  1,295. 

Montana;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla.    Pop- 
ulation 638. 

Monte  Grande;  barrio  in  municipal  district  Cal)o  Rojo,  department  of  Mayagnez. 
Population  2,019. 

Monte  Llano;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Monte  Llano;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Monte  Llano;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.    Pop- 
ulation 466. 

Montes  Llanos;  barrio  in  municipal  district  Ponce,  department  of  Ponce.    Pop- 
ulation 964. 

Montes  Llanos,  Sierra  de;  mountains  in  department  of  Ponce. 

Montones  Abajo;  barrio  in  municipal  district  Piedras,  department  of  Humacaa 
Population  899. 

Montones  Arriba;  barrio  in  municipal  district  Piedras,  department  of  Humacaa 
Population  937. 

Montoso;  barrio  in  municipal  district  Maricao,  department  of  Mayagnez.    Pop- 
ulation 1,146. 

Montoso,  Cerro;  mountains  in  the  eastern  part  of  Mayagnez  department. 

Mora;  barrio  in  municipal  district  Isabela.  department  of  Aguadilla.    Popula- 
tion 972. 

Morales,  Cerro;  hills  in  southeastern  part  of  de];>artment  of  Arecibo. 

Morovis;  municipal  district  in  department  of  Arecibo.    Area  66  square  miles. 
Population  11,309. 

Morovis;  interior  city  and  post-office  in  department  of   Arecibo.     Population 
1,064. 

Morovis  Norte;  Barrio  in  municipal  district  Morovis,  department  of  Areciba 
Population  821. 

Morovis. Sur;  barrio  in  municipal  district  Morovis,  department  of  Arecibo. 
Population  487. 

Mosquito;  barrio  in  municipal  district  Vieques,  department  of  Humacao. 

Mucarabonaz;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon. 
Population  954. 

Muertos,  Cerro  de  los;  hills  in  the  department  of  Ponce,  near  Coamo. 

Mulas;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Quayama. 

Mulas;  barrio  in  municipal  district  Patillas,  department  of  Humacao.    Popula- 
tion 823.  -^ 
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Mulita;  barrio  in  iimuioipal  dktricl  Agnaa  BnenAS,  dp{mrtinent  of  Gnjiyiuna. 

Popiiiation  752. 
Ifagiiabo;  muaicipal  dietrict  in  djopartmeot  of  HmzuMra^Li.     Area  S9  square  miles. 

Population  10,8:3> 
Naguabo ;  l-  oas t  cit  y  and  post-office  in  departmen  t  of  Hamacao .     Pop  olation  1,812. 
I   HagiiabOf  Puerto  de\  harbor  on  so  at  beast  coa^t. 

I   Naranjalea;  barrio  in  innnicipal  district  Lh«  Mariaa^  department  of  Ikfaya^ne^. 
Naranjalea;  barrio  m  muTncipal  diatrirt  Mayag^oez,  department  of  Hayagnex. 
,    Naranjal^  Sierra  de;  monataina  in  eastern  part  of  Mayagnex  district, 

If  aranjito;  municipal  district  in  department  of  Bayamon.    Area  35  aqnare  milea 
I  Population  tf^lOK 

1  Ifaranjitoj  post  village  in  deimrtment  of  Bayamon. 

I  Karanjito;  barrio  in  mnnicipai  district  Hatillo,  department  of  Arecibo,     P^ptala- 
tion  %6. 
Naranjito,  B<ioi  a  left-hand  branch  of  Kfo  de  la  Plata,  in  Bayamoo  department 
Naranjito«»  Bio;  a  ri^iit-hand  tributary  of  Arecibo  River,  in  Arecibo  department 
Naranjo;  barrio  in  nmnicipal  dittrict  Comerio,  department  of  Gnayama,     Popu- 
lation 815. 
,   Naranjo;  barrio  in  mtinicipal  district  Fajardor  department  of  Hnmacao. 
I  Naranjo;  barrio  in  mtinicipal  district  Moca,  department  of  Agnadilla.     Popnla- 
I  tion  006, 

Naratijo;  barrio  in  municipal  district  Yanco<  departanent  of  Ponce,     Popnlation 

Ir^jS, 
Karanjo;  barrio  in  municipal  district  Agnada,  department  of  A^adilla.     Popa- 

lation  1>'^3. 
Ifavajas^  Cerro;  hills  in  eoiitbeaat«rn  part  of  department  of  Arecibo » 
IJavarro;  barrio  in  mnnicipal  district  Gnrabo.  department  of  Gnayama, 
Negros;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.     Popula- 
tion 818. 
Negros,  Bio  de  Ids;  a  right-hand  tributary  to  Cibucu  River,  in  Bayamon  depart- 
ment. 
Norzagaray ;  barrio  in  municipal  district  San  Sebastian,  department  of  Agoadilla. 
Novillo;  barrio  in  municipal  district  Vega  Alta,  department  of  Bayamon.     Pop- 
ulation 982. 
Novillo,  Cerro;  mountains  in  northwestern  part  of  Ponce  department. 
Niievo;  barrio  in  municipal  district  AguadiUa,  department  of  Aguadilla.     Popu- 
lation 1,537. 
Nuevo;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.     Popula- 
tion 1,123. 
Nuevo;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.    Popula- 
tion 1,081. 
Nuevo,  Puerto;  open  roadstead  on  north  coast,  near  Vegfa  Baja. 
Obispo,  Isla;  island  off  east  coast. 

Oeste;  barrio  in  municipal  district  Coamo,  department  of  Ponce. 
Orocovis;  barrio  in  municipal  district  Barros,  department  of  Ponce. 
Ortiz;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.     Popula- 
tion 948. 
Ostiones,  Punta;  point  on  west  coast. 

Ovejas;  barrio  in  municipal  district  Anasco,  department  of  Mayaguez. 
Padilla;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.    Popula- 
tion 840. 
Padre  Toro,  Cerro;  hills  in  department  of  Ponce. 

Pajaros;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.     Popu- 
_      lation  1,492. 
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Piguil;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Population 
130. 

Palxna;  barrio  in  municipal  district  Salinas*  department  of  Guayama. 

Palxna,  Punta;  x>oint  on  northwest  coast. 

Palma,  duebrada  la;  Ravine  on  northern  coast,  near  Quebradillas. 

Palma  Escrita;  barrio  in  municipal  district  Las  Marias,  department  of  Maya- 
gnez.    Population  1.148. 

Palmar;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla.  Popu- 
lation 700. 

Palmarejo;  barrio  in  municipal  district  Coamo,  department  of  Ponce. 

Palmarejo;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Pop- 
ulation 901. 

Palmarejo;  barrio  in  municipal  district  Lajas,  department  of  Mayaipiez. 

Palmarito;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Pop- 
ulation 770. 

Palmareta,  Cerro;  hills  in  department  of  Guayama. 

Palmaa;  barrio  in  municipal  district  Arroyo,  department  of  Guayama. 

Palmaa;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Popu- 
lation 406. 

Palmas;  barrio  in  municipal  district  Guayama.  department  of  Guayama.  Popu- 
lation 1,200. 

Palmas  Altas;  barrio  in  municipal  district  Barceloneta,  department  of  Arecibo. 
Population  1,259. 

Palmas  Altas,  Punta  de;  point  on  northern  shore,  near  Barceloneta. 

Palo  Blanco,  duebrada:  small  stream  on  north  coast,  near  Quebradillas. 

Palo  de  Cafe,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Palo  Incado,  Cerro;  hills  near  Coamo. 

Palo  Lincado;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 
Population  1,299. 

Palomas;  barrio  in  municipal  district  Comerio,  department  of  Guayama.  Popu- 
lation 1,091. 

Palominos,  Isla;  island  off  eastern  coast. 

Palos  Blancos;  barrio  in  municipal  district  Corozal,  department  of  Bayamon. 
Population  1,367. 

Palo  Seco;  barrio  in  municipal  district  Maunabo,  department  of  Humacao. 
Population  802. 

Palo  Seco,  Punta;  point  on  western  entrance  of  harbor  of  San  Juan,  on  northern 
coast. 

Palo  Seco,  Punta  de;  point  on  southern  coast  near  Santa  Isabel. 

Palo  Seco,  Ensenada  de;  harbor  on  southern  coast  near  Santa  IsabeL 

Pardras,  Ensenada  las;  harbor  on  southern  coast  near  Guanica. 

Parguera;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Parguera,  Isla;  islet  off  southern  coast,  west  of  Ponce. 

Paris;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez.  Population 
875. 

Paso  Palma;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Pop- 
ulation 1,317. 

Pastillo,  Punta  del;  point  on  southern  coast. 

Pastille,  Puerto  del;  roadstead  on  southern  coast. 

Pasto;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Population 
1,272. 

Pasto;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce.  Population 
1,276. 

Pasto;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Population 
1,314. 
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Fastos;  barrio  in  niimicipsl  distariel  Ailwelto,  dep^ 

Pa«to,  Biem  drt;  momitidiis  in  western  purl  of  departaieniof  Ponoe. 

PMtoYieJo;  bairio  in  mnnidpal  dlalric^  Ci^T^,  d^^artmint  of  CKiynmn^ 

Pasto  Yiejo.  O«nro;  hilk  in  eastern  part  of  departmffiit  of  Ponee. 

Patillas;  mnnidpal  district  in  d^jpartaneiit  of  Hnmaoao.    Area  M 
Population  11,168. 

Patillas;  city  and  postKifflce  near  coast  in  department  of  Humacao. 
1,590. 

PatiUaSy  ^erto  del;  liarbor  on  sontheastmrn  coast. 

Patillas,  Sio  Ohrande  de;  a  stream  in  tiie  somiiieastom  part  of  Hie  islaad. 

Pedemalea;  barrio  in  manicipal  district  GbIx>  Rojo,  department  of 
Population  2,000. 

PedroAvila;  barrio  in  mmiicipal  district  0^r«Qt»  dq^artment  <4  GKiaiFaiBa. 

Pedro  Oaroia;  barrio  in  municipal  district  Combo,  department  of  Ponoe.    Po^ 
nlation  l,6i97. 

Peladas,  Oerro;  hills  in  mnrtiiem  part  of  ICayagnea  depi^rtment. 

Pelade,  Oerro;  mountains  in  dq;»artment  of  Onayama. 

PeUeJas;  barrio  in  municipal  district  Adjuntas,  depnrtment  ot  Poooe.    Fopeda- 
tionl,R81. 

Pellejas;  barrio  in  municipal  district  Bazros,  d^partttient  of  Ponce. 

Pelli^as,  &io;  a  right-hand  branch  of  Aredbo  Blver  in  department  of  Avsdfaa. 

Pella  Agujereda;  point  on  northwestern  coast  in  d^;>artment  of  Aguadilla. 

Pefta  Jacinto;  point  on  nor^westcoast  in  department  of  Agnadilla. 

Pena  Montones;  pdnt  on  northwest  coast  in  department  of  AguadiUa. 

Pella  Pobre;  barrio  in  municipal  district  Haguabo,  department  of  Hnnaesow 
Population  1,064. 

Pefiones,  OuchilllBi  de  las;  mountains  In  Pajardo  district. 

Pe&uelas;  municipal  district  in  department  of  Ponc'     Area  48  square  mOes. 
Population  12,129. 

PeAuelas;  interior  city  and  post-office  in  department  of  i^once.    Population  1,129. 

Percha ;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.     Population 
1,124. 

Percha,  Punta  de  la;  point  on  northeast  coast  near  Luquillo. 

Perchas  Nos.  1  and  2;  barrios  in  municipal  district  San  Sebastian,  department 
of  Aguadilla. 

Pesa;  barrio  in  municipal  district  dales,  department  of  Arecibo.    Population  994. 

Pescadores,  Punta:  point  at  entrance  to  Puerto  Guanica,  on  southern  coast. 

Petrona,  Punta;  point  on  south  coast  near  Santa  Isabel. 

Pezuela:  barno  in  municipal  district  Lares,  department  of  Aguadilla.    Popula- 
tion 1,010. 

Picua,  Punta;  point  on  northeastern  coast  near  Rio  Grande. 

Picua,  Punta:  point  on  southern  coast  near  Guanica. 

Piedra;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Piedra  Gorda;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.     Pop- 
ulation 895. 

Piedras;  municipal  district  in  department  of  Humacao.     Area  43  square  miles. 
Population  8,602. 

Piedras  Blancas:  barrio  in  municipal  district  San  Sebastian,  department  of  Agua- 
dilla. 

Piedras  Blancas;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Piedras,  Rio;  a  small  stream  flowing  into  San  Juan  Harbor. 

Piletas;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.     Population 
2,455. 

Pimentol,  Cerro;  hills  in  southern  part  of  department  of  Ponce. 
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Pi&ales;  barrio  in  xnnnicipal  district  Ailasco,  department  of  Mayagnez.  Popula- 
tion 1,038. 

Piilales:  hills  in  northern  part  of  Mayagnez  department. 

Piflas;  barrio  in  municipal  district  Comerio,  department  of  Guayama. 

Pifias;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.  Popula- 
tion 841. 

Piiias,  Montanes  de  las;  mountains  near  Cidra. 

Pifleiro,  Punta;  point  on  Isla  Puerca,  otf  eastern  coast. 

Pifieiro,  Isla;  island  off  eastern  coast. 

Pitahaya;  barrio  in  municipal  district  Arroyo,  department  of  Guayama.  Popula- 
tion 801. 

Pitahaya;  barrio  in  municipal  district  Fajardo,  department  of  Humacao.  Popu- 
lation 1,103. 

Pitajalla,  Cerro;  hills  in  eastern  part  of  department  of  Bayamon. 

Pitajalla,  Bio:  a  small  stream  in  the  northeastern  part  of  the  island. 

Pitajaya,  Punta;  point  on  southwest  coast. 

Planas;  barrio  in  municipal  district  Isabela.  department  of  Aguadilla.  Popula- 
tion 936. 

Plata;  barrio  in  municipal  district  Aibonito,  department  of  Ponoe.  Population 
1,554. 

Plata;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Plata;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.  Population 
663. 

Plata,  Bio  de  la;  a  river  heading  in  the  main  range  and  flowing  north  through 
Bayamon  department  to  its  mouth  near  Dorado.    Liength  43  miles. 

Playa;  barrio  in  municipal  district  Anasco,  department  of  Mayaguez. 

Playa;  barrio  in  municipal  district  Humacao,  department  of  Humacao.  Popula- 
lation  646. 

Playa;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Playa;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population  4,660. 

Playa;  barrio  in  municipal  district  Santa  Isabela,  department  of  Ponce. 

Playa:  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popula- 
tion 1.016. 

Playa  Sucia,  Enseflada;  harbor  near  southwest  point. 

Polios;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Ponce;  a  department  occupying  much  of  the  southern  portion  of  the  island.  It 
is  the  largest  of  the  departments,  its  area  being  821  square  miles.  The  popu- 
lation is  the  greatest— 203,191 .  The  density  of  population  is  247  per  square  mile. 
As  to  race,  the  department  is  divided  in  the  proportions  of  59.0  per  cent  white 
and  40.4  per  cent  colored.  Of  the  total  area,  22  per  cent,  or  more  than  one-fifth, 
is  under  cultivation.  The  principal  crop  is  coffee,  in  which  43  per  cent  of  the 
cultivated  area  is  planted,  while  in  sugar  cane  there  is  only  15  per  cent.  Of 
the  total  farm  area,  94  per  cent  was  owned  by  its  occupants,  only  6  per  cent 
being  rented. 

Ponce;  municipal  district  in  department  of  Ponce.  Area  143  square  miles.  Popu- 
lation 55,477. 

Ponce;  coast  city  and  post-office  in  department  of  Ponce.    Population  27,952. 

Ponce,  Puerto;  harbor  on  southern  coast. 

Portillo;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.  Popula- 
tion 1,27  i. 

Portugues:  barrio  in  municipal  district  Adjuntas,  department  of  Ponce. 

Portugues;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,050. 

Portugues,  Bio;  a  small  stream  in  the  southern  part  of  the  island. 

Pozuelo,  Punta;  point  on  southern  coast. 
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Bo«A«;  barrio  hi  wtmieipiil  diBtric^  CHaleA.  4epartmmit  ei  AradTia    h 

Pwcm;  banio  tn  mnulcltNU  dkirust  Saii  S&baRtmzi,  depttrtEoent  of  Aicm»d! 
Bctto-Hotiilo;  IwrHo  m  laaaklpal  district  Guajainn,  depamoeat  QtQm 
FosoA,  P«iiA  de  l&«;  iKiint  on  northwest  coa^t  ta  department  of  AgnJid^ 
Prt«to,  Rio;  «  Isft^hand  braseh  of  Rio  Blanco,  iu  the  northwest. 
Fii«iil#:  barrio  lu  tfimiiiclpu!  dlntriot  Catiiny^  department  of  .Aredbo^    V% 

718, 
FViirca,  1m\a\  i«)aod  off  east^^rti  *yjtm%.  J 

Fltrca*  l4ia;  bland  of  soQibem  coast  ^ 

Puerto  Biablo:  biirrto  in  mutiiciijal  district  Vie^ine^,  department  of  Hiu 
Puerto  Ferro;  Itarrio  in  manicipal  di&tnct  Viei|iies«  department  ot  Bum 
Puorto  NueTo;  barrio  in  uinnioipal  district  Vega  Baja,  defiartment  of  E 

Popttlatlon  TOa. 
Puerto  NuevOi  Bahia  de;  inner  harbor  of  San  Jti&n  on  nortli  coast 
Fa«rto  Nnevo,  Pimta  de:  point  on  eastern  aide  of  PmOTto  KiieTo  on 

Puirto  Kuevo*  Bio;  a  ania]!  atream  flowing  into  San  J  nan  Harbor. 
PUarto  Eeal  Abajo;   barrio  iii  ninnicipal  district  Vieques,  departXDenl  c 

ca» >.    Population  036, 
Puerto  Beai  Arriba;  barrio  in  mi3niei]ia)  diitrict  Viefinee,  departaiento 

ou*    Popfilttdoii  im* 
Pttartoa;  bardo  in  mani&ipal  di^triui  Catnuy,  department  of  AreeJbo. 

ticm  4iu. 
VvgnadO  Adentro;  barrio  in  tnnnicipat  di^crict  Vesm  Ba  ja,  department « 

■Ban.    i^opuiaticm  4^. 
PiAffnado  Afiaera;  barrio  in  municipal  district  Vega  B«ija«  department  c 

roon.     Population  1,8^0. 
PuIg^iUaA;  liarrio  in  municipal  district  Cciamo,  department  of  Fonc«. 

tinn  1M2. 
¥Uta  Areuaai  barrio  tn  municipal  district  Vieques,  department  of  Hns 
ptintrt  SFiiittA!^:  prist  vilhii^e  in  dt>|iartra*Mjt  of  Humaeao. 
Puntas:  barrio  in  municipal  district  Bincon,  department  of  Aguadilla. 

tion,  1.006. 
Puntas,  Cerro  de:  mountains  in  northern  part  of  department  of  Ponce. 
Puntilla,  Piinta  de  la;  point  on  southern  coast,  near  Guayanilla. 
Purisima  Concepcion;  barrio  in  municipal  district  Las  Marias,  depart! 

Mayaguez.    Population  1,007. 
Uuebrada:  barrio  in  municipal  district  Camuy,  department  of  Arecibo.    ] 

tion  i.eia. 
duebrada:  barrio  in  municipal  district  San  Lorenzo,  department  of  Gu; 

Population  1,193. 
Uuebrada  Arena;   barrio  in  municipal  district  San  Lorenzo,  departn: 

(tuayama.     Population  1.452. 
Uuebrada  Arenas;  barrio  in  municipal  district  Maunabo,  department  of  Hu 
Uuebrada  Arenas;  barrio  in  municipal  district  Piedras,  department  of  Hui 
Uuebrada  Arenas;  barrio  in  municipal  district  Rio  Piedras,  department  of 

mon.    Population  716. 
duebrada  Arenas;  barrio  in  municipal  district  Toa  Alta,  department  of 

mon.    Population  777. 
Uuebrada  Arenas;  barrio  in  municipal  district  Vega  Baja,  department  of 

mon.    Population  848. 
Quebrada  Arriba;  barrio  in  municipal  district  Cayey,  department  of  Qua 
auebrada  Arriba;  barrio  in  municipal  district  Patillas,  department  of  Hui 
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Quebrada  Ceiba;  barrio  in  municipal  district  Penuelas,  department  of  Ponce. 

Population  1,006. 
Quebrada  Cruz;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon. 

Population  1,165. 
Quebrada  Fajardo;  barrio  in  municipal  district  Fa jardo,  department  of  Humacao. 

Population  888. 
Quebrada  Grande;    barrio  in  municipal  district  Barranquitas,  department  of 

Ponce.    Population  931. 
Quebrada  Grande;  barrio  in  municipal  district  Mayaguez,  department  of  Maya- 

guez.    Population  1,035. 
Quebrada  Grande;  barrio 'in  municipal  district  Trujillo  Alto,  department  of 

Bayamon.    Population  955. 
Quebrada  Honda;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce, 
duebrada  Honda;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guay- 

ama.    Populatiim  1,616. 
Quebrada  Honda,  Punta;  point  on  southeast  coast. 

Quebrada  Infiemo;  barrio  in  municipal  district  Gurabo,  department  of  Guayama. 
Quebrada  Inflemo;  barrio  in  municipal  district  Trujillo  Alto,  department  of 

Bayamon.     Population  1,487. 
Quebrada  Larga;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 
Quebrada  Limon;  barrio  in  municipal  district  of  Ponce,  department  of  Ponce. 

Population  547. 
Quebradas;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce, 
duebradas;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Popula- 
tion 1,009. 
Quebrada  Seca;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 
Quebrada  Yeguas;  barrio  in  municipal  district  Salinas,  department  of  Guayama. 
Quebradillas;   municipal  district  in  department  of  Arecibo.    Area  19  square 

miles.    Population  7,482. 
Quebradillas;  city  and  post-office  in  department  of  Arecibo.    Population  1,166. 
Quebradillas;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 

Population  1,051. 
Uuebradillas;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo. 

Population  1,166. 
duemado;  barrio  in  municipal  district  Mayaguez,  department   of  Mayaguez. 

Population  952. 
duemado;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama. 

Population  1,255. 
Babanal;  barrio  in  mtmicipal  district  Cidra,  department  of  Guayama. 
Ramos,  Isla;  island  off  eastern  coast,  near  Fajardo. 

Rancheras;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Popula- 
tion 1,220. 
Raspado,  Cerro;  hills  in  the  southeastern  part  of  the  department  of  Ponce. 
Ratones,  Isla;  island  off  southern  coast,  near  Salinas. 
Rayo;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayaguez. 

Population  1,222. 
Real;  barrio  in  municipal  district  Ponce,  department  of  Ponce.    Population  1 ,440. 
Real,  Cayo;  islet  off  southern  coast,  near  Ponce. 
Real,  Puerto;  harbor  on  western  coast. 

Redonda,  Piedra;  rocky  point  on  north  coast,  near  Quebradillas. 
Redondo,  Cayo;  islet  off  southern  coast. 

Retiro;  barrio  in  municipal  district  San  German,  department  of  Mayagpiez.    Pop- 
ulation 983. 
Rincon;  municipal  district  in  department  of  AguadiUa.    Area  21  square  miles; 

population  6,641. 
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Binoon;  barrio  in  manidpal  district  Cayey*  departmeut  of  Qnayama. 

Biaoon;  banio  in  nmiiiisipal  dialriot  Cita^  departaieirt  o^ 

Bincon;  barrio  in  mnnioipal  cUMrict  GNirabo,  department  of  Qnayama.  Fopiila- 
tkmUOS. 

Bineon; 'barrio  in  mimicipal  disfcriot  Sabana  QraadOi  departnnnt  of  Mmjmgiam, 
Popntetion  l^Mii. 

Binoon^  Snsenada  de;  roadstead  on  sontbem  ooast 

Bio;  barrio  in  mnnioipal  district  ICayatnes,  department  <»f  UAjmgaem.  Popnla* 
tion  1,782. 

Bio;  barrio  in  mnnioipal  district  Nagnabo»  departmmit  of  Hnmaeao. 

Bio;  barrio  in  mnnk^pal  district  Bio  Pledras,  departmmit  of  Bayamcm.  Popol** 
tlon65i. 

BioAbi^  barrio  in  mnnioipal  district  Cldra»  department  of  GHiayama. 

BidAbi^o;  barrio  in  municipal  district  Hnmacao,  departmwit  of  Hmnacao. 

BioAbaJo;  barrio  in  mnnioipal  dislgiot  FJajardo,  dspartment  of  Hnmacao.  Pop- 
niation  1,081. 

Bio  Abi^o;  barrio  in  mnnioipal  district  Piedris»dspavtmsnt  of  HnmaMo.  Pop- 
niation  1,188. 

Bio  Abi^;  barrio  in  mnnioipal  dMriotntoado^  department  of  Aredbow  Popu- 
lation 1,285. 

Bid  Abi^o;  barrio  in  municipal  district  Vesa  Baja,  department  of  BayaasMa. 

Bio  Arriba;  banrto  in  mmdcipal  district  Fajardo,  department  of  Hnmaoao.  Pop- 
nlationTSd. 

Bio  Arriba;  barrio  in  municipal  district  Pledrtts,  diqiartmentof  Hnmacao.  Pop- 
ulation 1,028. 

Bio  Arriba;  barrio  in  municipal  district  Tega  Baja,  departanent  of  Bayamon. 

Bio  Arriba;  barrio  in  municipal  district  Afiasco,  department  of  Mayaguez. 

Bio  Arriba;  barrio  in  mnnioipal  district  Arecibo,  department  of  Arecibo.  Pop- 
ulation 1,709. 

Bio  Arriba;  barrio  in  municipal  district  Patillas,  department  of  Hnmacao.  Pop- 
nlatiou  1,080. 

Bio  Arriba  Poniente;  barrio  in  municipal  district  Manati,  dexMirtment  of  Areoiba 
Population  1,862. 

Bio  Arriba  Salient e;  barrio  in  municipal  district  Manati.  department  of  Areciba 
Population  1,593. 

Bio  Blanco  Abajo;  barrio  in  municipal  district  Naguabo,  department  of  Hnma- 
cao.   Population  976. 

Bio  Blanco  Arriba;  barrio  in  municipal  district  Naguabo,  department  of  Hnma- 
cao.   Population  959. 

Bio  CaHas;  barrio  in  municipal  district  Aiiasco,  department  of  Mayaguez. 

Bio  Caflas;  barrio  in  municipal  district  Caguas,  department  of  Guayama.  Pop- 
ulation 1,386. 

Bio  Ca&as;  barrio  in  municipal  district  La9  Marias,  department  of  Mayaguez. 
Population  772. 

Bio  Ca&as  Abajo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponoe. 
Population  1,066. 

ftio  Caiias  Abajo;  barrio  in  municipal  district  Mayaguez,  department  of  Maya- 
•    guez.    Population  1,095. 

Bio  Ca&as  Arriba;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 
Population  990. 

Bio  Ca&as  Arriba;  barrio  in  municipal  district  Mayaguez,  department  of  Maya- 
guez. 

Bio  Grande;  municipal  district  in  department  of  Bayamon.  Area  47  square 
miles.    Population  12,365. 
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Kio  Grande;  interior  city  and  post-office  in  department  of  Bayamon.    Population 
1,285. 

Bio  Grande;  barrio  in  umnicipal  district  Morovis,  department  of  Arecibo.    Pop- 
ulation 841. 

Bio  Grande;  barrio   iu   municipal   district   Rincon,  department  of  Aguadilla. 
Population  676. 

Bio  Grande;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Bio  Hondo;  barrio  in   municipal   district  Comerio,  department  of  Quayama.    ^ 
Population  1,161. 

Bio  Hondo;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 

Bio,  Isla  del;  islet  off  southern  coast. 

Bio  Jueyes;  barrio  in  municipal  district  Salinas,  department  of  Guayama.    Pop- 
ulation 1,248. 

Bio  Lajas;  barrio  in  municipal  district  Dorado,  department  of  Bayamon.    Popu- 
lation 377. 

Bio  Lajas;  barrio  in  municipal  district  Toa  Alta.  department  of    Bayamon. 
Population  973. 

Bio  Piedras;  municipal  district  in  the  department  of  Bayamon.    Area  52  square 
miles.    Population  13,760. 

Bio  Piedras;  interior  city  and  post-office  in  department  of  Bayamon.    Popula- 
tion 2,249. 

Bio  Prieto;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.    Popu- 
lation 1,931. 

Bio  Prieto;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Popula- 
tion 799. 

Bios;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Boadero,  Cerro;  mountains  in  western  part  of  department  of  Ponce. 

Boble;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Bobles;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Bocha;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.    Population 
902. 

Bodeo,  Punta;  point  on  southern  coast. 

Bojo,  Cabo;  the  southwestern  cape  of  the  island. 

Boncador;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Popu- 
lation 1,130. 

Bosario;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Bosario;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.    Pop- 
ulation 852. 

Bosario  Alto;  barrio  in  municipal  district  San  German,  department  of  Maya- 
guez.   Population  811. 

Bosario  Baja;  barrio  in  municipal  district  San  German,  department  of  Maya- 
guez.    Population  1,027. 

Bosario  Peflon;  barrio  in  municipal  district  San  German,  department  of  Maya- 
guez. 

Bosario,  Bio  del;  a  right-hand  branch  of  Rio  Guanajibo,  in  the  western  part  of 
the  island. 

Bubias;  barrio  iu  municipal  district  Yauco,  department  of  Ponce.    Population 
627. 

Bucio;  barrio  in  municipal  district  PeSuelas,  department  of  Ponce.     Population 
2,233. 

Sabalos;  barrio  in  municipal   district    Mayaguez,  department    of    Mayaguez. 
Population  2,365. 

Sabana;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Babana;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 
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Sabaiia;  \mnio  in  nnmi^pil  ditlckst  Bio  Onii4«,  d6|^«rtiiBfliit  of 

Popnlaticii  eOO.  ^ 

Sabana;  iMurrio  In  nnale^pal  dWMel  T«g»  Ate,  depyrtDumt  of  Baymmos. 

Popiilatkm  910. 
fffr'^pn^  €tero«  inflffiHtBiiii!  i&  finmaoao  idapaxtDMnii 
Sabana,  Bio;  a  smaU  rtxmnt  la  tiie  nortiieaateRi  p«rt,llofwfaig  tnto  ttio  aoa  al 

LnqvUlOi 
Sabana  Abi^;  banio  in  moaoMptil  ^iteiol  Oifoliaa#  dg^pt^HMamtai  BtifmmmL 

PopiilatUm  578. 
Sabana  Xneaa;  baifio.  to   nnmlo^pil  dlrtcist  Wmt  Qmamk,  departmenl  of 

MayagnoB. 
Sabana  Oraada;  mniiifiHpldiBlirlol  in  dipaslaie^  Ai«a  55 aciiiam 

milaa.    Popnlatioa  10,660l 

lation2»581« 

Sabana  Grando;  banio  in  nmnidpal  dStlKict  UtaadOt  depirtttiflnt  ci  . 
Population  1,058. 

Sabana  Graada  Abi^o;  baffio  in  amaioipat  ^Beteiol  flan  QjBWPan,  < 
Mayagnee.    PopalatioB  1,081. 

Sabana  Hojoa;  banio  ia  aumlofpid  dlMok  A2«oibo»  departaieiit  of  AtmUmu 
Population  8,568. 

SabaaalJaaa;  baolo  ia  aiaaio^^  ^Uitiiel  Jaaaa  IMtt,  4ipiClia«Bt  of  Foaoa 

SabaaaUaaa;  barrio  ianiaaidpiddiitrlol  Bio  Plediaa,d^pi«BMaft^o^ 
Population  1,044. 

Sabaaa  Seca;  banio  ia  maaicipal  dlatriot  Toa  Baja,  dapartnoat  of 
Population  787. 

Sabaaa  Yegnaa;  banio  ia  aiaaic^pal  dialdot  X4dM»dopaHaMaloC  : 
Population  088. 

Sabanetas;  barrio  in  municipal  district  Mayagnez,  department  of  Mayaguez. 
Population  1,401. 

Sabanetas;  barrio  in  municipal  district  Ponce,  department  of  Ponce.    Population 
1,065. 

Saco;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Salinas;  municipal  district  in  department  of  Guayama.    Area  98  square  miles. 
Population  5,781. 

Salinas;  coast  city  and  post-office  in  department  of  Guayama.    Population,  1,192. 

Salinas,  Punta  de;  point  on  north  coast  west  of  San  Juan. 

Salinas,  Puerto  de;  harbor  on  southern  coast. 

Salinas,  Punta;  point  on  southern  coast,  near  Ponce. 

Saltillo;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce.    Popula- 
tion 2,098. 

Salto;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Salto;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Salto  Abajo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Pop- 
ulation 836. 

Salto  Arriba;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Pop- 
ulation 855. 

Saltos;  barrio  in  municipal  district  Barros,  department  of  Ponce.    Population 
1,037. 

Salud;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.    Popu- 
lation 1,726. 

San  Anton;  barrio  in  municipal  district  Ponce,  department  of  Ponce.     Popula- 
tion 963. 

San  Antonio;  barrio  in  municipal  district  Caguas,  department  of  Guayama 
Population  887. 
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San  Antonio;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  615. 

San  Antonio;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo. 
Population  1,760, 

San  Cristobal;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon. 
Population  3,131. 

San  Diego,  Punta  de;  point  on  northeastern  coast. 

San  Domingo,  Cerro  de;  mountains  in  department  of  Ponce. 

San  Francisco:  barrio  in  municipal  district  Humacao,  department  of  Humacao. 

San  Francisco;  barrio  iu  municipal  district  San  Juan,  department  of  Bayamon. 
Population  1,177. 

San  Oerman;  municipal  district  in  department  of  Mayaguez.  Area  55  square 
miles.    Population  20,246. 

San  German;  interior  city  and  post-office  in  department  of  Mayaguez.  Popula- 
tion 3,954. 

San  Ildefonso;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Popu- 
lation 1,252. 

San  Juan;  municipal  district,  coast  city,  and  capital  of  the  island  in  department 
of  Bayamon.    Area  12  square  miles*    Population  32,048. 

San  Juan;  barrio  in  municipal  district  Humacao,  department  of  Humacao.  Pop- 
ulation 1,169. 

San  Jose;  barrio  in  municipal  district  Quebradillas,  department  of  Areciba 
Population  687. 

San  Juan,  Bahia  de;  harbor  of  San  Juan  on  northern  coast. 

San  Jose,  Laguna;  lagoon  on  north  coast  east  of  San  Juan. 

San  Lorenzo;  municipal  district  in  department  of  Guayama.  Area  54  square 
miles.    Population  13,433. 

San  Lorenzo;  interior  city  and  post-office  in  department  of  Guayama.  Popula- 
tion 2,084. 

San  Lorenzo;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Pop- 
ulation 884. 

San  Salvador;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 
Population  1,605. 

San  Patricio;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,217. 

San  Sebastian;  municipal  district  in  department  of  Aguadilla.  Area  43  square 
miles.    Population  16,412. 

San  Sebastian;  interior  city  and  post-office  in  departn^ent  of  Aguadilla.  Popu- 
lation 1,700. 

Santa  Ana,  Cerro;  hills  near  Hato  Grande. 

Santa  Barbara;  barrio  in  municipal  district  Aguadilla,  department  of  Agniadilla. 
Population  1,502. 

Santa  Catalina;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Pop- 
ulation 1,864. 

Santa  Cruz;  barrio  in  municipal  district  Carolina,  department  of  Bayamon.  Pop- 
ulation 435. 

Santo  Domingo;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Population  1,505. 

Santo  Domingo;  barrio  in  municipal  district  PeSuelas,  department  of  Ponce. 
Population  812. 

Santa  Isabel;  municipal  district  in  department  of  Ponce.  Area  44  square  miles. 
Population  4,858. 

Santa  Isabel;  coast  city  and  post-office  in  department  of  Ponce.  Population 
1,142. 
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Santa  Isabel;  barrio  in  municipal  diBtricl  Utuado,  department  of  Areciba    Fo|>a- 
lation  ^in. 

Santajia;  barrio  in  muuicipal  district  Areci bo*  department  of  A recibfi.     Popal^ 
tion  3,555, 

Bantana;  barrio  in  mnnicipal  district  Babaua  Omnde,  department  of  Mayagnez. 
Population  &21. 

SaBta  Olaya:  barrio  in  municipal  district  Bayamon.  department  of  Baymnoni 
Population  1.100. 

Banta  B^osa;   barrio  in  municipal  district  Bayamoiit  department  of  Bay&moo* 
Population,  687. 

Santa  Bosa;  barrio  in  municipal  district  Lajas,  departuient  of  Mayogtiez. 

Santa  Bosa:  barrit»  in  municipal  district  Utuado,  department  of  Arecibo.     Popu- 
lation i*J3- 

Santa  Teresa^  Cerro;  niountaiUK  in  department  of  Humacao. 

Santiago:  barrio  in  municipal  diBtrict  Oamn>%  department  of  Arecibo,     Fopnla- 
tion  65T. 

Santiag^o;  barrio  in  municipal  district  Hnmacao,  department  of  Humacao> 

Bantiag-o,  Gayo:  §ma11  island  off  southea^tarn  coast, 

Santiago  Luna;  barrio  in  municipal  district  Naguabo,  department  of  Hnmacaot 

Santiago,  Punta  de:  point  on  southeast  coast  near  Hnmacao. 

Santiago,  Bio:  a  small  stream  in  the  eastern  part  of  the  island* 

Saeturce :  barrio  in  municix*al  district  San  Juan,  department  of  Bayamon.     Popu- 
lation ri,840. 

Bardinera:  ban*io  in  municipal  district  Fajardo,  department  of  Humacao. 

Sardineia,  Punta:  point  on  north  coast  near  Dorado. 

Bendas,  Altos  de;  hills  in  southern  part  of  department  of  Aredbo. 

Sierra  Alt  a;  barrio  in  municipal  district  Yauco,  department  of  Ponce,     Popnta- 
tion  1,411. 

Sierra  Baja;  barrio  in  municipal  district  Gnayanilla,  department  of  Ponce.    Pop- 
ulation 787. 

Sombrero,  Cerro;  hills  near  Maanabo. 

Sonador;  barrio  in  municipal  district  San  Sebastian,  department  of  Agnadilla. 

Sonador,  Bio;  a  left-hand  branch  of  Rio  Cnlebrinas,  in  the  northwestern  part  d 
the  island. 

Sonadora;  barrio  in  municipal  district  Aguas  Bnenas,  department  of  Gnayama. 

Sonadora;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.    Pop-- 
ulation  729. 

Sonadora,  Cerro;  hills  in  department  of  Guayama. 

Sumidero;  barrio  in  municipal  district  Aguas  Bnenas,  department  of  Gnayama. 
Population  984. 

Sumido;  barrio  in  municipal  district  Cayey.  department  of  Guayama. 

Sumido,  Cerro:  hills  near  Cayey. 

Sur;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Susua;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayagnez. 

Susua,  Bio;  a  river  in  the  southwestern  part  of  the  island. 

Tabonuco;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayagnez. 
Population  1,888. 

Tacones,  Punta;  point  on  north  coast  at  mouth  of  the  River  Bayamon. 

Talante;  barrio  in  municipal  district  Maunabo,  department  of  Humacao. 

Tallaboa;  post  village  in  department  of  Ponce. 

Tallaboa  Alta;  barrio  in  municipal  district  Pe&nelas,  department  of  Ponce. 
Population  946. 

Tallaboa,  Puerto  de;  roadstead  on  southern  coast. 

Tallaboa,  Rio;  a  stream  in  the  southern  part  of  the  island. 

Tallaboa  Poniente;  barrio  in  municipal  district  Penuelas,  department  of  Posoa 
Population  874. 
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Tallaboa  Saliente;  barrio  in  mnnicipal  district  Pefiuelas,  department  of  Ponce. 

Tamarinde;  barrio  in  municipal  district  Agnadilla,  department  of  Agnadilla. 
Population  1,630. 

Tanama*  barrio  in  municipal  district  Arecibo.  department  of  Arecibo.  Popula- 
tion, 1.023. 

Tanama;  barrio  in  mnnicipal  district  Adjuntas,  department  of  Ponce.  Popula- 
tion 752. 

Tanama,  Rio;  a  left-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Teatro;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popula- 
tion 2,592. 

Teja;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popula- 
tion 033. 

Tejas;  barrio  in  municipal  district  Hnmacao,  department  of  Humacao.  Popula- 
tion 704. 

Tejas  Alto;  barrio  in  municipal  district  Piedras,  department  of  Humacao.  Popu- 
lation 948. 

Tejon,  Cerro;  hills  in  Mayaguez  district. 

Terranova;  barrio  in  municipal  district  Quebradillas,  department  of  AreciV)o. 
Population  779. 

Tetuan;  barrio  in  municipal  district  Utuado.  department  of  Arecibo.  Popula- 
tion 1,678. 

Tibes;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
1,878. 

Tierras  Nuevas  Poniente;  barrio  in  municipal  district  Manati,  department  of 
Arecibo.    Population  1,534. 

Tierras  Nuevas  Saliente;  barrio  in  municipal  district  Manati,  department  of 
Arecibo.    Population  776. 

Tijera,  Cerro  de  la:  hills  near  Juana  EHaz. 

Tijeras:  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Tinaja,  Punta;  point  on  southwest  coast. 

Toa  Alta;  municipal  district  in  department  of  Bayamon.  Area  22  square  niihs. 
Population  7,908. 

Toa  Alta;  post  village  in  department  of  Bayamon. 

Toa,  Bahia  de;  bay  on  north  coast  west  of  San  Juan. 

Toa  Baja;  municipal  district  in  department  of  Bayamon.  Area  4'}  sc^uare  miles. 
Population  4,030. 

Toa  Baja;  city  and  post-office  near  coast  in  department  of  Bayamon.  Popula- 
tion 1,300. 

Toa  Vaca,  Rio  de;  a  branch  of  Rio  Jacaguas  in  the  southern  part. 

Toconies,  Punta;  point  on  southwestern  coast. 

Toita;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Toita;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Tomas  de  Castro;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 
Population  1,575. 

Toro  Negro;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.  Popu- 
lation 2,252. 

Toro  Negro,  Rio;  a  branch  of  Manati  River  in  department  of  Arecibo. 

Toro,  El;  summit  in  eastern  part  of  department  of  Bayamon. 

Toro,  Punta  del;  point  on  southeastern  coast. 

Toro,  Quebrada  del:  small  stream  on  northern  coast  near  Quebradillas. 

Torre;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayaguez. 

Torrecilla;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Po;)U- 
lation  572. 

Torrecilla,  Laguna;  lagoon  on  northern  coast  east  of  San  Juan. 
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Tuna:  burrio  in  municipal  district  San  German,  depar 
Tnrabo:  barrio  in  mnnicipal  district  Cagnas.  departmc 

lation  1..%5T. 
Unibon:  barrio  in  mnnicipal  district  Hororis.  departi 

tion  Ml. 
Urrejola:  barrio  in  mnnicipal  district  San  Sebastian,  d< 
Usabon.  Kio:  a  left-band  branch  of  Rio  de  la  Plata. 
Utuado:  mnnicipal  district  in  department  of  Arecibo. 

Population  4:i.86ii. 
Utuado:  interior  city  and  post-ofiBce  in  department  of  A 
Uvero.  Punta  del:  point  on  northern  coast  near  Loiza. 
Vacas:  barrio  in  munici|wl  district  Jnana  Diaz,  depar 

tion  1,^1. 
Vaciatalegas,  Punta:  point  on  north  coast  near  Loiza. 
Vaga:  barrio  in  mnnicipal  district  Mororis,  departmen 

Valenciano  Abajo:  barrio  in  mnnicipal  district  Jnncoa. 
Valenciano  Arriba:  barrio  in  mimicipal  district  Jnn< 

ama. 
Valencianoa,  Bio:  a  right-hand  tributary  to  Loiza  Riv 
Vaguera,  Punta:  point  on  southern  coast  near  Guanicj 
Vega:  barrio  in  municipal  district  Cayey,  department  c 
Vega:  barrio  in  municipal  district  Comerio,  departmen 
Vega  Abajo:  barrio  in  municipal  district  Adjnntas,  de] 
Vega  Alta:  municipal  district  in  department  of  Bayam« 

Population  6.107. 
Vega  Alta:  interior  city  and  post-office  in  department  i 

1,081. 
Vega  Arriba;  barrio  in  municipal  district  Adjimta 

Population  1,159. 
Vega  Baja:  municipal  district  in  department  of  Bayam* 

Population,  10,305. 
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Vieques:  island  and  municipal  district  in  department  of  Hnmacao  east  of  Porto 
Rico.    Area  70  sqnare  miles.    Population  6,642. 

Vieques;  city  and  post-office  in  department  of  Hnmacao.    Population  2,646. 

Viera  Quebrada;  ra^ane  on  north  coast,  near  Quebradillas. 

Vigia  de  Coamo,  Cerro;  hills  near  Coamo,  in  department  of  Ponce. 

Vijia,  Cerro;  hills  in  Rincon  district. 

Villalba  Abajo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 
Population  1,863. 

Villalba  Arriba;  barrio  in  municiiml  district  Juana  Diaz,  department  of  Ponce. 
Population  2,917. 

Viva  Abajo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popu- 
lation 1,258. 

Viva  Arriba;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popu- 
lation 1,240. 

Vivi,  Rio;  a  right-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Voladoras:  barrio  in  municipal  district  Moca,  department  of  Aguadilla.  Popula- 
tion 1,267. 

Yabucoa;  municipal  district  in  department  of  Humacao.  Area  45  sqnare  miles. 
Population  13,905. 

Yabucoa:  interior  city  and  i)ost-office  in  department  of  Humacao.  Population 
1,838. 

Yabucoa,  Puerto  de;  harbor  on  southeastern  coast. 

Yabueca,  Altos  de:  mountain  summits  in  northwestern  part  of  department  of 
Ponce. 

Yagua,  Cerro;  mountains  in  Mayaguez  department. 

Yaguez,  Rio;  a  small  stream  flowing  into  the  sea  near  Mayaguez  on  the  west 
coast. 

Yahuecas;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.  Popula- 
tion 1,710. 

Yauco;  municipal  district  in  department  of  Ponce.  Area  102  sc^uare  miles.  Pop- 
ulation 27,119. 

Yauco:  interior  city  and  post-office  in  department  of  Ponce.     Population  6,108. 

Yayales:  barrio  in  municipal  district  Adjantas,  department  of  Ponce.  Popula- 
tion 660. 

Yeguada;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Popula- 
tion 794. 

Yeguada;  barrio  in  nmnicipal  district  Vega  Baja,  department  of  Bayanion. 
Population  428. 

Yeguadilla  Occidental;  barrio  in  municipal  district  Hatillo,  department  of 
Arecibo.    Population  963. 

Yeguadilla  Oriental;  barrio  in  municipal  district  Hatillo.  department  of  Arecibo. 
Population  995. 

Yeguas,  Punta  de  las;  point  on  southeastern  coast. 

Yunes,  Rio;  a  righ^hand  tributary  of  Arecibo  River,  in  Arecibo  department. 

Yunque,  El;  the  highest  summit  of  the  island  in  Sierra  Luquillo,  in  the  north- 
eastern part.    Elevation  3,790. 

Zafao,  Cerro  del:  mr»nn tains  in  the  northwestern  part  of  department  of  Ponce. 

Zancudos,  Isla;  island  off  eastern  coast. 

Zanja;  barrio  in  municipal  district  Camuy.  department  of  Arecibo.  Population 
833. 

Zanja  Colorada  Playa;  beach  on  north  coast  near  Arecibo. 

Zarzal:  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon.  Pop- 
ulation 1,191. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

I  Bulletin  No.  IM.] 

The  serial  pablications  of  the  United  States  G^eological  Survey  consist  of  (1) 
Annual  Reports.  (2)  Monographs,  (3)  Bulletins,  (4)  Mineral  Resources,  (o) 
Water-supp'y  and  Irrigation  Papers,  (6)  Topographic  Atlas  of  United  States- 
folios  and  separate  sheets  thereof,  (7)  Otologic  Atlas  of  United  States— folios 
thereof.    A  circular  giving  complete  lists  may  be  had  on  application. 

The  Bulletins  treat  of  a  variety  of  subjects,  and  the  total  number  issued  is 
large.  They  have  therefore  been  classified  into  the  following  series:  A,  Economic 
geology;  B.  Descriptive  geMogy:  C,  Systematic  geology  and  paleontology:  D, 
Petrography  and  mineralogy:  E.  Chemistry  and  physics:  F,  Geography;  G,  Miscel- 
laneous. This  bulletin  is  the  twenty-fifth  in  Series  F,  the  complete  list  of  which 
follows: 

BULLETINS,  SERIES  F,  OEOaRAPHY. 

5.  Dictionary  of  altitudes  hi  United  States*,  by  Henry  Gannett.    1884.    325  pp.    Price,  2t)  cents. 

6.  Elevations  in  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    4;{  pp.    Price,  3  cents. 

13.  Boundaries  of  United  States  and  of  the  several  States  and  Territories,  with  historical 
sketch  of  territorial  chani<es,  by  Henry  Gannett.    1885.    ia.'>  pp.    Price,  10 cents.    (Exhausted.) 

4s.  On  form  and  ix>sition  of  sea  level,  by  R.  S.  Wo<xlward.    1888.    88  pp.    Price,  10  cents. 

4i».  Latitudes  and  longitudes  of  certain  points  in  Missouri,  Kansas,  and  New  Mexi<;<).  by  R.S. 
Woixlward.    liM*.     133  pp.    Price.  15  cents. 

•tO.  Formulas  and  tables  to  facilitate  the  construction  an<l  use  «)f  maps,  by  R.  S.  Wo«Mlward. 
im*.    1~»4  pp.    Price,  15  cents. 

70.  Report  on  astronomical  work  of  188^  and  1890,  by  R.  S.  Woodward.  18WJ.  7i»  pp.  Price,  10 
cents. 

72.  Altitudes  lx3twwen  Lake  Sui)erii)r  and  Rocky  Mountains,  by  Warren  Ui>ham  isui  229 
pp.    Price,  20  cents, 

7t».  dictionary  of  altitudes  in  Unito<l  States  'second  edition),  by  Henry  Gannett.  l^lU.  :yx\ 
pp     Price,  25  cents.     (Exhauste<].) 

115.  Geographic  dictionary  of  Rhode  Island,  by  Henry  Gannett.    1894.    31pp.     Pri»v.5  cjuts. 

ll»i.  Geographic!  dictionary  of  Massachusetts,  by  Henry  Gannett.  1894.  12iJ  ]>]).  Price,  15 
cents. 

117.  Geographic  dictionary  of  Connecticut,  by  Henry  Gannett.    1891.    H7  pp.    Price,  lo  cents. 

lis.  Geographic  dictionary  of  New  Jersey,  by  Henry  Gannett.    1894.    131  pp.    Price,  15  cents. 

122.  Results  of  primary  triangulation,  by  Henry  Gannett.    1894.     112  pp.    Price,  25  cents. 

12:{.  Dictionary  of  geographic  positions,  by  Henry  Gannett.    1895.    WJ  pp.    Price,  15  r-ents. 

1.54.  Gazetteer  of  Kansas,  by  Henry  Gannett.    1898.    24fipp.,  ttpls.    Price,  30  cents. 

1«>0.  Dictionary  of  altitudes  in  Unite<l  StJites  ahird  edition),  by  Henry  Gannett.  1S'J».  775 
pp.    Price,  40  cents. 

hWl  Gazetteer  of  Utah,  by  Henry  Gannett.    IIHX).    4^t  pp..  1  map.    Price,  15  cents. 

WX  Altitudes  in  Alaska,  by  Henry  Gannett.    1900.    I'i  pp.     Price,  5  cents. 

170.  .Survey  of  boundary  lino  lx»tween  Idaho  and  Montana  from  international  boundary  to 
<nvsr  of  l3itterro<^t  Mountains,  by  R.  U.  Gojde.     1900.    rt7  pp..  14  pis.    Price,  15  cents. 

171.  Boundaries  of  United  States  and  of  the  several  States  and  Territories,  with  outline  of 
history  uf  all  important  changes  of  territory  ^second  edition),  by  Henry  Gannett.  190i).  142 
pp. .  .V>  pis.    Price.  ;J0  cents. 

17 J.  Survey  of  northwestern  boundary  of  United  States,  1857-1»J1,  by  Marcus  Baker.  VMKl 
7s  pp..  I  pi.    Price,  10  cents. 

175.  Triangulation  and  spirit  leveling  in  Indian  Territory,  by  C.  H.  Fitch.  19U0.  141  pp..!  pi. 
Price.  10  cents. 

l8l.  Results  of  primary  triangulation  and  primary  traverse,  fiscal  year  19U0-'01,  by  H.  M. 
Wil.sou,  J.  n.  Renshawe,  E.  M.  Douglas,  and  R.  U.  Goode.    1901.    240  pp.,1  map.    Price.  25  cents. 

ls:i.  Gazetteer  of  Porto  Rico,  by  Henry  Gannett.    1901.    51  pp.    Price,  10  cents. 
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